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N THE course of a study of the effects of carbon arc radiation on 

hemorrhagic anemia, considerable data dealing with the blood cytology 
of dogs rendered anemic by the method of Whipple and Robscheit- 
Robbins have accumulated. To the values given by these authors for 
plasma volume, red cell number and volume and hemoglobin we add values 
for reticulated cells, total and differential white cells, platelets and red cell 
fragility, with calculations of corpuscular volume, corpuscular hemoglobin 
and per cent saturation. The observations here reported were made on 27 
short-haired dogs varying in weight from 6 to 18 kilograms. Routine ex- 
aminations were made in the forenoon. Blood was usually taken from the 
ear, the first few drops being discarded. Larger quantities when needed 
were drawn from the femoral vein or artery. Hemoglobin was determined 
with the Newcomer hemoglobinometer calibrated by oxygen capacity 
determinations in the Van Slyke and Neill manometric apparatus. Plate- 
lets were counted by the direct method of Rees and Ecker; reticulocytes by 
the method of Haden using brilliant cresyl blue and counterstaining with 
Wright’s stain. Exceptionally fine preparations are obtained by this 
method. Three hundred red cells are counted, the number of reticulocytes 
in corresponding fields noted, and the total number computed from the 
ratio. Cell volume was ascertained in Van Allen hematocrits, using 1.6 
per cent Na oxalate and centrifuging for half an hour at 3200 revolutions 
per minute; plasma volume by the vital red method; specific gravity ac- 
cording to Barbour and Hamilton; fragility by Silvette’s method; dif- 
ferential counts by Feemster’s method, which makes use of two solutions 
of Wright’s stain in methyl alcohol and ethyl alcohol respectively and 
buffered water for rinsing and washing the slides. The “corpuscular 
volume,” or average volume of the individual red blood cell, is, as sug- 
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gested by Ponder, obtained by dividing the volume of cells per hundred 
cc. by the number of cells per cu. mm. of blood and is expressed in cubic 
microns (or 10-" cc.). The ‘‘corpuscular Hb,” or amount of hemoglobin 
per cell, is obtained by dividing the hemoglobin per hundred cc. of blood 
by the number of cells per cu. mm. of blood and is expressed in gms. X 10-2. 
This calculation, representing a more absolute value, is preferred to that 
of the color index, since the latter is calculated in terms of per cent hemo- 
globin which is a variable figure depending on the method and standard 
used. The per cent saturation, or actual proportion of the substance of 
each cell taken up by hemoglobin, is obtained by dividing the corpuscular 
hernoglobin by the corpuscular volume, or directly by dividing the hemo- 
globin content expressed in gms. per 100 cc. by the hematocrit value 
expressed in cc. per 100 cc. 

Severe secondary anemia was produced according to the procedure out- 
lined by Whipple and Robscheit-Robbins. All of the animals were ob- 
tained from the pound. The criticism of the use of pound dogs does not 
appeal to us, for it is possible by not unreasonably careful selection and 
preparation to obtain suitable pound animals giving quite constant results. 
The animals, when received, are placed on the standard diet and are al- 
ways kept for weeks in the kennels in order that they may become thor- 
oughly accustomed to their surroundings. They are then bled, 3, 4 or more 
times at intervals of 1 or 2 days to one-third or one-half of their original 
hemoglobin level and this level then maintained by blood withdrawals 
graded as to their frequency and amount by ascertained hemoglobin and 
hematocrit values, due consideration being given to fluctuations in plasma 
volume. Hemoglobin was determined in samples of the blood thus with- 
drawn, thereby giving the information as to how much hemoglobin was 
produced over and above the presumably fairly constant maintenance 
factor. Some animals possess a considerable reserve of hemoglobin-form- 
ing materials which makes it necessary to follow them for protracted pe- 
riods because, until this reserve is exhausted, an anemic level cannot be 
maintained. 

Bread S, containing salmon, (Whipple and Robscheit-Robbins, 1925a) 
was used in all the experiments. This bread is a complete diet for an adult 
dog and will apparently maintain an animal in health indefinitely. As 
Whipple and his collaborators have emphasized, the ration keeps the hemo- 
globin production at a low level, the average weekly production in 15 of 
our experiments being 4 gms. There are, of course, individual differences 
and some dogs show consistently high values. Thus the average amount of 
hemoglobin removed weekly from Dog H during a period of 11 weeks was 
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9 gms. as compared with the weekly average of 1 gm. for Dog J over a 6- 
weeks’ period. 

Dried peaches were added to the diet in 3 experiments, dried apricots 
in 3, lettuce in 5, and some animals received each of these additional food- 
stuffs at different periods of the experiments. These substances are only 
mildly favorable for hemoglobin production (Robscheit-Robbins and 
Whipple, 1927a and Robscheit-Robbins, 1929). In observations here re- 
ported the average weekly hemoglobin production when apricots were 
fed was 15 gms., when lettuce, 10 gms., and when peaches, 7 gms. There 
are, of course, individual differences, some animals giving better responses 
to lettuce than to apricots, others showing better regeneration with peaches 
than with lettuce. The relatively poor reaction to peaches may have been 
due to the greater difficulty in getting the animals to consume them. One 
animal, Dog U, proved refractory to all three substances, showing no in- 
crease in hemoglobin production for a period of 12 weeks. 

The efficiency of this diet in maintaining hemoglobin at an anemic level 
and in providing a few grams of hemoglobin above the unknown mainte- 
nance factor is in contrast to that of the Cowgill diet (1923). This diet, 
made up of casein, butter fat, lard, sugar and a salt mixture, was used as 
a maintenance diet. When this diet exclusively is fed, the hemoglobin 
level of normal animals remains relatively constant over long periods of 
time (see Drabkin and Waggoner, 1929), but not so in animals made ane- 
mic by hemorrhage. To check its efficiency with the salmon bread diet, 
it was fed to three animals. One of these animals, Dog W, had been anemic 
and on the bread S diet for over 2 months, during which time the effi- 
ciency of lettuce and apricots had been demonstrated, and the dog con- 
tinued to show the usual responses to these materials. When placed on 
the Cowgill diet, the hemoglobin level began to decrease almost im- 
mediately from a value of 6.5 gms. per cent to 4.25 gms. per cent over a 
period of 6 weeks, despite the fact that only about 5 gms. of hemoglobin, 
representing the amount of blood needed for routine examinations, had 
been removed over the entire period. On reverting to the bread S diet, 
the hemoglobin level began to rise slowly. The experience with the other 
two dogs was similar. 

Whipple and Robscheit-Robbins tabulate the changes in color index 
and in hemoglobin index (hemoglobin per cent divided by hematocrit per 
cent) under various conditions and discuss their significance. We have 
calculated the volume, hemoglobin content and per cent saturation of the 
individual cell. The individual cell volume expressed in cubic microns 
(10-2 cc.) is the corpuscular volume, while the hemoglobin content in 
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10-** grams is the corpuscular hemoglobin. The calculation of the cor- 
puscular hemoglobin and per cent saturation instead of the color and 
hemoglobin indices is preferable, we believe, since it involves the statement 
of hemoglobin content in grams rather than in per cent, the absolute value 
of which varies with the particular method and standard used. An analysis 
of the changes in corpuscular volume and corpuscular hemoglobin shows 
that if an hemorrhagic animal is kept on the bread S diet exclusively for 
any length of time the corpuscular volume and corpuscular hemoglobin 
gradually decrease, as has been shown to be the case in clinical secondary 
anemia. Table I shows a typical case. The figures in the table represent 
the values at the end of any given week. Likewise the figure for hemo- 
globin removed represents the total amount of hemoglobin removed during 
that week. The hemoglobin figures noted for the first week of bread S 
feeding represent the production of hemoglobin due to 7 days of bread 
feeding. After this animal had been placed on the bread S diet, a three- 
week’s preliminary period was necessary to diminish its storage of reserve 
factors and to reach a fairly steady anemic level. Despite this procedure, 
this animal was consistently high in hemoglobin production. The values 
listed in the table begin with those obtained after this period and comprise 
eleven weeks during which the bread S was fed with no addition, the hemo- 


Taste I 
F Doc H, Corre, Femare, ADULT 
Fep 400 cms. Breap S Pius 50 cms. Satmon DaIty 



































, Plasma R.B.C. | Retic. | R.B.C. Corp. Hb 
Weeks —_ vol. oo mil- | p.c.of | hemat. vol. level 
CL. lions | R.B.C. % cu. w gms., % 
1 16.0 913.4 1.0372 3.83 3.0 18.5 49.5 6.22 
2 16.0 1.0375 4.26 3.0 21.0 49.2 6.76 
3 15.9 853.3 1.0356 4.34 3.0 20.0 46.0 6.09 
4 15.9 981.4 1.0335 5.20 4.0 24.0 46.1 7.44 
5 15.9 742.0 1.0352 4.94 4.0 21.0 42.5 6.09 
6 15.8 711.0 1.0388 6.90 16.7 25.0 36.2 6.76 
7 15.9 603.6 1.0364 5.54 14.0 23.0 41.5 6.58 
8 16.0 1.0340 5.46 18.0 33.2 5.92 
9 15.8 1.0371 6.42 10.0 20.0 31.2 6.42 
10 15.6 1.0349 5.80 10.0 20.0 34.4 5.42 
il 15.6 754.0 1.0351 6.64 11.2 21.0 31.6 6.59 











-- on ng Volume yo), (c.c. per 100c.c.) Corpuscular Hb Hb(gms. per 100 c.c.) 
2 = 


in 10" gms. = 


R.B.C, (in millions) R.B.C. (in millions) 
































Mar., 1931 H.S. MAYERSON AND HENRY LAURENS 457 





globin level being kept constant by periodic bleedings. As the experimental 
period progresses, there is a gradual increase in the red cell number so 
that at the end of eleven weeks the count is almost double that of the first 
week. There is, however, relatively little change in the hematocrit values, 
signifying the production of cells of smaller volume. Along with the de- 
crease in corpuscular volume, there is a parallel but somewhat greater 
decrease in corpuscular hemoglobin to a value approximately 60 per cent 
of the original anemic level at the beginning of the experiment. Since the 
total amount of hemoglobin is more or less constant, the percentage of 
hemoglobin in each smaller cell remains relatively unchanged. The sta- 
bility of this factor is discussed in another paper (Mayerson, 1930) and 
attention directed to the surprisingly narrow distribution of the average 
values of sixty animals. The average per cent saturation for the eleven 
weeks of this experiment was 30.6 per cent, which is within the normal 
range and close to the average figure of 34.3 per cent. 

In most of their experiments Robscheit-Robbins and Whipple (1927b) 
find that the feeding of substances which are more or less potent in hemo- 
globin regeneration leads to an increase in hemoglobin index, that is, 
a more abundant production of hemoglobin than of stroma. Thus the 
feeding of beef and pig kidney, gizzard, liver, etc., produces a definite in- 
crease in the hemoglobin and color indices while with the feeding of fish 


TABLE I (Continued) 
Doc H, Corie, Femate, ADULT 
Fep 400 cms. Breap S Pius 50 cms. Satmon DarILy 











Hb Corp. | Satu- —_ Platelets 
remov- | Hb gms. ration Whites | Lympho- | Neutro- | Eosino- thou- 
ed gms. | X 10™ % cytes philes philes sands 
10.67 16.2 32.7 10200 30 69 1 310 
16.48 15.8 32.1 7600 

7.00 14.0 30.4 8200 35 64 1 290 

8.12 14.3 31.0 8800 

8.79 12.3 28.9 7000 33 66 1 310 
8.78 9.8 27.0 9000 
10.14 11.6 27.9 9000 34 66 0 220 
8.60 10.9 32.8 7500 
11.10 10.0 32.1 9400 
8.35 10.0 29.6 8000 37 63 0 280 
8.60 9.9 31.6 12000 28 72 0 540 


























Saturation Hb(gms. per 100 c.c.) 
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liver there is no decided change. Cream, milk and butter (Whipple and 
Robscheit-Robbins, 1927), however, all show color and hemoglobin in- 
dices which tend to fall below the control period. This is especially true 
in experiments where the substances fed were decidedly inert (Whipple and 
Robscheit-Robbins, 1925b; Elden, Sperry, Robscheit-Robbins and Whip- 
ple, 1928) as in Table No. 131 for Dog 25-23 taken from the latter paper 
(page 579) here reproduced as Table II, the corpuscular volume and cor- 
puscular hemoglobin having been calculated from their data for compari- 











Taste II* 
Doc 25-23 Butt, MALE, ADULT 
Diet Periods 1 Week R.B.C. Corp. Hb | Satura- 
Each. Food: grams R.B.C. hemato- Hb level | Corp. Vol. gms. X tion 
per day millions crit % gms. % cu. w 10-2 % 
Bread 250, Salmon 100, 

Klim 25 oa 22.7 6.07 43.6 11.6 26.5 
Copper Sulphate 19 5.3 23.1 5.91 43.5 11.7 26.8 
Copper Sulphate 19 5.9 19.5 5.10 33.0 8.7 26.2 
Copper Sulphate 19 5.3 24.4 6.07 46.0 11.4 24.7 
Bread 300, Salmon 100, 

Klim 25 5.3 23.4 5.79 44.1 10.9 24.7 
Bread 300, Salmon 100, 

Klim 25 6.4 25.9 6.34 40.4 9.9 24.5 
Bread 300, Salmon 100, 

Klim 25 6.7 21.6 5.65 32.2 8.4 26.2 
Bread 350, Salmon 100, 

Klim 25 6.5 26.4 6.62 40.6 10.1 24.8 
Copper Sulphate 252 6.4 24.8 6.90 39.0 10.7 27.4 
Copper Sulphate 252 6.9 25.6 6.90 37.1 10.0 26.9 
Bread 350, Salmon 75, 

Klim 25 Pm 26.0 6.34 36.1 8.8 24.4 
Bread 350, Salmon 75, 

Klim 25 8.0 21.9 6.07 30.0 7.6 25.3 
Bread 400, Salmon 75, 

Klim 25 7.0 21.5 5.91 30.7 8.4 27.4 
Bread 400, Salmon 75, 

Klim 25 6.6 20.8 5.79 31.5 8.8 27.5 
Bread 400, Salmon 75, 

Klim 25 6.0 21.4 5.65 35.6 8.9 25.0 























* Being Table #131 of Elden, Sperry, Robscheit-Robbins and Whipple (1928) to which 
have been added calculations of corpuscular volume, corpuscular hemoglobin and per cent 
saturation. 


son with Table I. In the interpretation of their results these authors suggest 
that the low color and hemoglobin indices may indicate that the materials 
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for the construction of stroma are more abundant in these diets than 
are the construction materials for hemoglobin production. In the light of 
the results here reported it seems more likely that the changes are but the 
expression of a long continued drain on the organism fed on foodstuffs rel- 
atively inert for hemoglobin production. The changes are similar to those 
taking place in the adjustment to the stress of long continued O, want, 
which results in the manufacture of small, pale cells. 

Similar changes were reported following carbon arc irradiation of nor- 
mal animals (Mayerson and Laurens, 1928), small pale cells being formed in 
the post-irradiation periods. The suggested explanation of these changes 
was that there was a minimum formation of new cells during the irradia- 
tion period, the system calling chiefly on its reserves, while in the post- 
irradiation period the bone marrow having exhausted its store is making 
new cells, poor in hemoglobin and of a low color index. In the present ex- 
periments it may be assumed that the decreased size of the cells is due, not 
only to the removal of cells of normal size by the hemorrhage (Price- 
Jones, 1922) but also, to the unfavorable conditions of O, want due to the 
absence of any increase in hemoglobin production. Mills (1925) and 
Emmons (1927) have brought forth evidence indicating that hemoglobin 
is superficially distributed in the cell, so that, as Whipple and Robscheit- 
Robbins point out, these small cells are probably more efficient in O, ex- 
change and transfer because of the relative increase in cell surface per unit 
mass. That this is the probable explanation of the changes observed in 
these experiments is strengthened by their absence under conditions which 
are mildly favorable to hemoglobin production. An increase in the num- 
ber of red cells under these conditions usually results in a concomitant 
increase in the hematocrit values and in the hemoglobin. Thus in the 
eleven experiments where dried peaches, apricots or lettuce were added to 
the diet, in six there was little or no change in corpuscular volume; in 
three an actual increase, and in only two was there a slight decrease during 
periods of from two to four weeks. The same is true of the corpuscular 
hemoglobin which shows a decrease in only these two experiments. Table 
III shows the effect of adding apricots to the standard diet. Table IV is 
Robscheit-Robbins’ and Whipple’s (1927a) Table No. 96, with the ad- 
dition of corpuscular volume and corpuscular hemoglobin as calculated 
from their data. This table is typical of many of their results as well as 
of ours. With the addition of substances which may be only mildly favor- 
able for regeneration, there is an absence of the changes previously ob- 
served in stroma formation, cell volume and corpuscular hemoglobin. An 
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Taste III 
Doo R, Terrrer, ADULT, FEMALE 
Fep 300 cms. Breap S Pius 200 cms. Apricots 








, Plasma R.B.C.| Retic. | R.B.C. Corp. Hb 
Weeks — vol. 9 mil- | p.c.of | hemat. vol. level 
c.c. lions | R.B.C. % cu. gms., % 

1 7.8 610 5.54 4.7 22.5 40.6 6.66 
2 1.0380 5.06 7.3 28.0 55.3 7.11 
3 7.9 565 1.0391 4.96 10.0 28.0 56.3 7.04 
4 1.0434 5.25 5.3 33.5 63.9 8.86 
5 7.8 545 1.0385 5.36 4.7 25.0 46.6 7.79 
6 1.0357 4.63 6.7 22.5 48.5 6.50 
7 7.8 601 1.0343 4.64 4.0 27.0 61.3 8.22 
8 7.7 1.0407 4.60 7.0 26.5 57.6 7.80 





























attractive view in regard to this is that these substances reduce the strain 
on the bone marrow by providing it with hemoglobin-forming substance. 
Scott (1923), working on hemorrhagic anemia in rats fed on a milk diet, 
reports similar findings. The anemia existing under these conditions per- 
sists for two to three weeks after the last bleeding and is accompanied 
by a low color index. If green stuff is added to the diet, this fall in the color 
index is absent. 

The course of the reticulated cells varies in different animals. The 
average percentage is usually 3, when the anemia level is established. This 
value is maintained with minor fluctuations in many of the experiments, 
while in other cases temporary increases frequently occur. Dog H for 
example (Table I), showed fluctuations of from 1 to 4 per cent for the 
first five weeks of the experimental period. The count then rose to 16.5 
per cent, dropping to 14 per cent at the end of the tenth week. This increase 
in reticulated cells is part and parcel of the increase in total red cell count 
which has previously been mentioned. It begins at a time when the hemo- 
globin level is low and no large quantity of blood is being removed. It 
seems plausible to explain the change as a response of the bone marrow to 
the stimulus of oxygen deficiency due to the diminished hemoglobin. 
Robertson and Bock (1919) make a similar interpretation of their findings 
of marked reticulocytosis following severe hemorrhage. 

Since the experimental method was concerned with maintaining a 
steady hemoglobin level, the repeated bleeding served as an additional 
stimulus to keep the number of reticulocytes high. In other experiments 
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TABLE III (Continued) 


Doc R, TEerrrer, ADULT, FEMALE 
Fep 300 cms. Breap S Prius 200 cms. Apricots 











Hb Corp. | Satu- aan Platelets 
remov- | Hb om. ration Whites Lympho- | Neutro- | Eosino- thou- 
ed gms. | X 10- % cytes philes philes sands 

12.0 29.5 9360 39 61 0 770 

7.41 13.8 24.9 6075 
14.0 24.8 16100 30 70 0 830 
10.19 16.8 26.2 11775 27 ot 0 620 
5.82 14.5 31.1 16050 25 75 0 850 
13.35 14.0 28.8 7850 26 74 0 1550 
6.58 18.6 30.3 11800 26 74 0 720 
7.02 16.9 29.3 13425 20 79 1 2800 


























the relatively large increases in reticulocytes are accompanied by only 
slight and temporary increases in red cell number and quickly subside. 
The periodic hemorrhages are, as would be expected, followed by tempor- 
ary showers of reticulated cells. On the other hand, some animals main- 
tain levels of 6 and 8 per cent reticulated cells and yet show no hemo- 
globin regeneration over and above the anemic level. When peaches, 
apricots, or lettuce are added to the bread S diet, the reticulocyte percentage 
becomes lower on the whole than when such additions are not made (Ta- 
ble III). Riecker (1928) reported little or no change in the reticulocyte per- 
centages of dogs in which severe anemia had been produced by the method 
of Whipple and Robscheit-Robbins and fed bread C. He concluded that 
since any stress on the bone marrow would have been indicated by more 
pronounced reticulocyte increases, the method was testing the power of 
hemoglobin regeneration only and not the mechanism of cell production 
in the bone marrow. An analysis of his protocols shows that the actual 
control anemic periods were relatively short. Only one animal (Dog 72) 
was fed bread C alone for any considerable period (five weeks) after the 
anemic period had been reached. In this animal the reticulocyte percent- 
age increased from 1 to about 4 per cent, while the anemia was being pro- 
duced, and fluctuated by about 7 per cent for the last two weeks previous 
to the addition of Blaud’s pills, during the administration of which the 
percentage began to decrease. 

The resistance of the erythrocytes to sodium oxalate solutions was de- 
termined in seventeen experiments. The results were somewhat inconsist- 
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Taste IV 
Doc 24-22 Coacu, FemaLe, Younc ADULT 











Diet Periods 1 Week RBC R.B.C. 
Each. Food: grams ~~ | hemato- 
per day 


Hb level 


millions crit % | S™ms- P-c. 





Raisins 300, bread 350 . 27.0 7.28 
Raisins 250, bread 350 ‘ 27.4 6.76 
Bread 450, beef 75 . 22.4 6.07 
Bread 450, beef 75 . 23.2 5.93 
Dried peaches 300, 

bread 350 : ‘ 6.90 
Dried peaches 300, 

bread 350 : . , 43.8 
Bread 450, salmon 50 . , s 47.2 
Bread 450, salmon 50 % ‘ ‘ 47.5 























* Being part of Table #96 of Robscheit-Robbins and Whipple (1927a) to which have been 
added calculations of corpuscular volume, corpuscular hemoglobin and per cent saturation. 


ent and bear no relation to the diet fed. In six experiments there was little 
or no change during the anemic period, even for periods of ten and eleven 
weeks. In a similar number of experiments the resistance was increased. 
In the remaining cases the resistance was slightly decreased. Kesten and 
Zucker (1929) recently reported that hemolysis due to saponin is some- 
what slower, but not markedly so in secondary anemia due to repeated 
hemorrhages from duodenal and gastric ulcers. 

The platelets show no marked changes, except for occasional showers 
which occur more frequently when additions are made to the bread diet. 
These showers are sometimes striking (see Table III). The average plate- 
let count of Dog W, fed 400 gms. bread and 200 gms. apricots daily, was 
775,000 for the first week. At the end of the second week, the count spurted 
to 2,080,000, receded to 860,000 and rose to and remained at about three 
million the following week. Similar changes occurred in most of the ex- 
periments in which peaches, apricots or lettuce were added to the diet. 
The total white and differential counts do not show any marked or consist- 
ent changes except in two experiments. Dog N, fed 400 gms. of bread 
S for a period of ten weeks, showed a gradual decrease in lymphocytes be- 
ginning with the second week of the anemia period. At the end of this time 
the count showed only 9 per cent lymphocytes (pre-hemorrhagic level 
21 per cent), the neutrophiles being correspondingly increased to 90 per 
cent. Dog T, fed 300 gms. of bread plus 150 gms. of peaches, showed 
similar changes. 











Mar., 1931 H. S. MAYERSON AND HENRY LAURENS 





SUMMARY 


A study is presented of the blood cytology in severe secondary anemia 
produced and maintained for varying lengths of time in twenty-seven dogs 
following the method of Whipple and Robscheit-Robbins. In dogs fed 
the standard bread S there is an average weekly production of 4 gms. over 
and above the maintenance level. When apricots are added this becomes 
15 gms., when lettuce 10 gms. and when peaches 7 gms. Cowsgill’s diet 
was found to be inadequate for maintaining a constant hemoglobin level 
under similar conditions. 

After several weeks of bread S feeding, there is a gradual increase in red 
cell number accompanied by a decrease in the corpuscular volume and 
corpuscular hemoglobin. The percentage of hemoglobin in these smaller 
cells, however, remains relatively unchanged. If lettuce, apricots or 
peaches are added to the diet, these changes to do not occur and they are 
interpreted as being compensatory reactions to the oxygen deficiency oc- 
casioned by the low hemoglobin when the severe anemic level is main- 


tained. 
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REVIOUS communications (Miles and Laurens, 1926; Mayerson, 

1927; Mayerson and Laurens, 1928) have indicated a stimulation of 
the hematopoietic system in normal dogs by carbon arc radiation. Re- 
peated massive exposures increased the red cell number from 10 to 19 
per cent, the increases being maintained for from 3 to 6 weeks after the 
last irradiation. The suggestion was made at the time that, since radiation 
acts as a hematopoietic stimulus to the normal, relatively stable organism, 
it seemed plausible to expect it to be particularly efficient in effecting re- 
generation in anemic conditions. 

The literature dealing with the effects of radiant energy on the hemato- 
poietic system has been reviewed by Laurens (1928) and by Robscheit- 
Robbins (1929). Their summaries indicate a lack of agreement in the 
results obtained by different investigators without question due to the pres- 
ence of variables, such as environment, diet, unstandardized radiation 
sources, etc. This is especially true.of many clinical studies in which favor- 
able results have been ascribed to radiation which might just as well have 
been due to the improved dietary and hygienic regimen during the investi- 
gation. Conclusions based on red cell counts or hemoglobin determinations 
alone can hardly be held reliable unless these determinations are corre- 
lated with changes in the other characters of the blood, such as cell and 
plasma volume, reticulocytes, etc. The use of unstandardized sources and 
the failure to give energy specifications render an exact repetition of ob- 
servations and a comparison of results impossible. 

The observations, the results of which are here reported, have to do 
with the effects of radiation on hemorrhagic anemia in dogs. Although, 
as Mitchell (1926) points out, this method may possibly fall short of sim- 
ulating and of solving the problem of the naturally occurring anemias 
in man, it does afford a convenient method of obtaining accurate, com- 
parative results in experimental animals. In later contributions the effects 
of radiation on various types of experimentally produced hemolytic ane- 
mias will be reported. 

* Aided by a grant from the David Trautman Schwartz Research Fund of Tulane University. 
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The methods of estimating the blood constituents and the calculations 
used have been outlined in the preceding paper. The chief source of 
radiation was the ‘‘Pan Ray” flaming carbon arc burning “sunshine” 
carbons. Operating at 24 to 28 A and 55 to 60 V, the energy emitted has 
an average value of 0.820 gm. cal. per sq. cm. per minute incident at 
1 M. and has a distribution of 5 to 6 per cent in the ultraviolet, 29 to 31 
per cent in the luminous and 63 to 66 per cent in the infra red as deter- 
mined by dispersing the energy and ascertaining the amount in small 
bands throughout the spectrum as well as by the use of screens which 
split the spectrum into the three major divisions. A Cooper-Hewitt air- 
cooled quartz mercury-vapor arc was used in some of the experiments. 
This source, operating at 4 to 5 A and 70 to 80 V, emits an average total 
energy of 0.0619 gm. cal. per sq. cm. per minute incident at 1 M. When 
the energy of the quartz mercury vapor lamp is dispersed, its distribution 
is as follows: 48 per cent in the ultraviolet, 37 per cent in the luminous 
(390-710 my), and 15 per cent in the infra red. When the distribution is 
determined by means of screens it is: 13 per cent ultraviolet, 7 per cent 
luminous (400-1400 my) and 80 per cent infra red. The smaller percent- 
age of infra red when the energy distribution is determined by the dis- 
persion method is due to the fact that this energy, coming from the glow- 
ing tungsten anode and the metal parts of the lamp, does not to any extent 
exert its effect on the thermopile because the slit of the spectrometer is 
centered on the middle of the quartz mercury container. The infra red 
energy actually emitted by the quartz mercury vapor arc itself is negligible. 
But the tungsten anode of the Cooper-Hewitt model, as well as the quartz 
container and the hood, emits a long waved infra red and this shows up in 
the screen method of determining the distribution though not in the dis- 
persion method. The methods used in measuring and specifying the 
energy have already been described (Laurens and Mayerson, 1929). 

The first two experiments were designed to test the effects of carbon- 
arc radiation on simple anemia produced by bleeding dogs to one-half 
or one-third their blood volume. These animals were fed a standard casein 
diet (Cowgill, 1923) and the requisite amount of blood was drawn by two 
or three successive bleedings. The abdominal area of the animals was then 
irradiated and determinations continued until the pre-hemorrhagic levels 
were recovered. In the first experiment the animal was given 10 one-half 
hour exposures at a meter’s distance (24 g. cal. per sq. cm. each) on alter- 
nate days, while the second animal was subjected to 9 such exposures. 

The response of the erythrocytes in each irradiated animal was some- 
what quicker and greater than that of the controls, recovery being practi- 
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cally complete in 22 days in the first, and 13 days in the second, as compared 
with 26 and 27 days in the control animals. The changes in hemoglobin 
roughly paralleled those in the reds. The corpuscular hemoglobin fluc- 
tuated about the normal values with no distinction between the irradiated 
and non-irradiated animals. The hematocrit showed a much slower re- 
covery in the irradiated animals than in the controls and, while the cor- 
puscular volumes of the irradiated animals were high for about a week af- 
ter hemorrhage, they decreased gradually to values below the original in 
the latter part of the irradiation and post-irradiation periods. The per 
cent saturation of the red cells of both animals was normal. Small cells 
of approximately normal saturation were observed in previous work on 
the irradiation of normal animals. The specific gravity, in general, fol- 
lowed the course of the reds, and there was no difference in the fragility 
of the red cells. Whites and platelets showed no significant changes. 

Osato and Tanaka (1929) reported experiments on dogs irradiated 
weekly with a Bach mercury vapor lamp. The regeneration of blood, as 
measured by red cell and hemoglobin determinations, was much more ac- 
tive in irradiated, splenectomized animals than in non-irradiated splenec- 
tomized animals. Their results on irradiating non-splenectomized animals 
are hardly as striking, since both the irradiated and non-irradiated animals 
recover to pre-hemorrhagic levels in about the same time. The blood iron 
is increased at the expense of the reserve iron in the liver and spleen, or 
in the liver alone in splenectomized animals. 

The rapidity of hematopoietic regeneration in the dog and its extreme 
variability (14-28 days) in different animals has been pointed out by vari- 
ous observers. Different animals vary so markedly in the amount of re- 
serve material which they possess, that it is difficult to interpret results 
obtained unless these reserves are first depleted. To avoid these diffi- 
culties the experimental method was changed, and in the succeeding 
experiments a severe secondary anemia was produced according to the pro- 
cedure outlined by Whipple and Robscheit-Robbins, with the modifica- 
tion that radiation is substituted for test food substances. The method is 
described in detail in the preceding paper and the same animals there re- 
ferred to were used in this study. In each case the abdomen and thorax 
were irradiated. The animals were followed for periods of at least two 
weeks before and two weeks after the irradiation period. Control animals 
were followed simultaneously throughout the periods of observation, being 
subjected to the same procedure except for the irradiation. 

Previous work showed that massive doses were most efficacious in af- 
fecting the hematopoietic system in normal animals and eight dogs were 
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thus treated, seven with the carbon arc, and one with the mercury arc. 
Two dogs were irradiated once at 60 cm. for 45 and 60 minutes respectively 
(100 and 133 g. cal. per sq. cm.); two animals were irradiated 3 and 8 
times respectively on alternate days for 60 minutes at 80 cm. (76 g. cal. 
per sq. cm.); and a fifth animal was irradiated for 1 hour at 60 cm. (133 
g. cal. per sq. cm.) followed the next day by a 30-minute exposure at the 
same distance. Two weeks later it was again irradiated for 60 minutes at 
80 cm. and the same exposure repeated twice at intervals of a week. The 
sixth animal was irradiated for 90 minutes at 60 cm. (200 g. cal. per sq. 
cm.) followed in two weeks by 60 minutes at 80 cm. and again by a similar 
exposure a week later. The seventh animal was irradiated twice for 60 
minutes at 60 cm. with a 3-week interval between exposures while the 
eighth animal was irradiated once for 45 minutes at 60 cm. (8.37 g. cal. 
per sq. cm.) with the quartz mercury vapor lamp. 

The most pronounced effects are on the number of erythrocytes and re- 
ticulocytes, with no corresponding changes in hemoglobin formation. 
Irradiation is followed by a greater or lesser increase in the number of red 
cells. The rise usually begins immediately or within a few days after the 
first exposure and continues after the irradiation is stopped but there seems 
to be no constant relationship between the increase and the length of ex- 
posures or the intervals between them. There is little difference between 
the results of irradiation with the carbon arc and with the quartz mercury 
vapor lamp. In the two experiments where massive carbon arc irradiations 
were given every other day, the maximum red count did not occur until 
the irradiation was discontinued, while in the others it was present at the 
end of the first week of the irradiation period. Figure 1 shows a typical 
case. This animal was observed for a month after anemic levels had been 
established, during which period the various constituents showed only 
minor fluctuations. During the next two weeks the dog was irradiated with 
the carbon arc for 60 minutes at 80 cm. every other day for a total of 8 
times. The number of reds began to rise after the fourth irradiation and 
continued to do so even after the exposures were discontinued so that at 
the end of the ninth week (3 weeks after the last irradiation) the count 
was 7.54 millions, which is to be compared with the pre-irradiation level of 
approximately 4 millions and the pre-hemorrhagic value of 8.35 millions. 
This high level was maintained for about a week. The count at the end of 
the thirteenth week (7 weeks after the last exposure) was still about a 
million and a half above the control pre-irradiation level of 4 millions. 
This rise in reds was accompanied by a parallel increase in reticulocytes to 
a value three times normal at the end of the tenth week, the level being 
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still high seven weeks after the last irradiation. These changes are similar 
to those reported in the preceding paper dealing with the effects of hemor- 
rhage alone but are of much greater duration and magnitude. It is clear 
that they were due to the irradiation and were not the result of the long- 
continued diet because the values decreased in the latter part of the post- 
irradiation period. 

In all but two experiments (following single cm tm exposures of 1 


hour at 60 cm. and 45 minutes at 60 cm.) the percergage of reticulocytes 
markedly increased (at least double). The increase tigually preceded that 
in the reds, beginning immediately after the first irradiation and gradually 
increasing to a maximum after the third or fourth exposure and remaining 
at this level. In some cases there was a further, and sometimes more 
marked, secondary rise during the first or second week of the post-irradia- 
tion period. In two experiments the values were still high 6 and 7 weeks 
respectively after the last irradiation. This reticulocyte increase is not 
due to an increased amount of bleeding, for in all cases there was very 
little hemoglobin production and only the minimum amount of blood neces- 
sary for the determinations was being removed. In one experiment the 
reticulocytes were at a higher level during the irradiation period than 
they were during the pre-irradiation period when considerable amounts of 
blood were being withdrawn. These increases in red cell number and reticu- 
locytes were not accompanied by corresponding changes in hematocrit 
values, which remained low, and thus the corpuscular volume diminished 
as the number of cells increased. All of these changes are graphically shown 
in Figure 1. 

In only one of these experiments (discussed in detail below) was there 
any indication of increased hemoglobin formation as a result of the irradia- 
tion. In the two experiments, where the animals were irradiated every 
other day for two weeks, the hemoglobin formation stops immediately on 
commencement of the irradiation and does not resume until 2 and 4 weeks 
respectively after the irradiations are over (See the figure). In the other 
experiments this inhibition of hemoglobin production is not so marked, 
but the amount formed during and after the irradiation period is several 
grams less than in the pre-irradiation period. This lack of increased hemo- 
globin production along with the rise in the number of red cells results in 
a gradual decrease in corpuscular hemoglobin. Spence and Griffith (1927) 
also found that cell production proceeded more rapidly than did hemo- 
globin formation after carbon and mercury arc irradiation. Since the 
decrease in corpuscular hemoglobin runs almost parallel to that in the cor- 
puscular volume, the per cent saturation of these cells remains very nearly 

















470 





EFFECTS OF RADIANT ENERGY ON ANEMIA Vol.Il, No.5 





20 


10 


other day for a total of 8 exposures. Heavy blocks denote the period of irradiation. 






Red Blood Cells -millions 






Reticulated Cells -p.c. of 
RBC 


— 
or ity. Senge na 











Hematocrit-p.c. 


= Corpuscular volume-cuju. 
= eg 


Corpuscular Hb. gms.x10~# 

















. Jaturation—p.c. 

\, 

5 

30 Jara mo Hb, gms, p.c. 

p Hb.removed-gms. 
| | | 4 | ‘4 i | a | i 4A 
TT a a ce ee er ee es ee ee 

weeks 


FIGURE 1 
Doc, E. Abdominal irradiation with the flaming carbon arc for 60 minutes at 80 cm. every 
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constant. The relative constancy of this factor has been referred to in the 
preceding paper. 

Dog O was the only animal to show a definite hemoglobin response to 
irradiation. This animal was given a single massive exposure of 1 hour at 
60 cm. (133 g. cal. per sq. cm.). No increased hemoglobin production was 
observed until the second week following the irradiation. This increase 
continued during the third week, resulting in the total removal of 23.5 
gms. of hemoglobin over and above that removed in the two previous two- 
week control periods. The long control period during which an average of 
only 2 gms. per week was removed, and the fact that the increased pro- 
duction did not appear until the second week after the exposure, lessen 
the possibility of the increase being due to reserve storage factors. It is 
significant that a second exposure of the same intensity given three weeks 
after the first was entirely ineffective as were similar exposures of other 
animals. Whipple and Robscheit-Robbins cite exceptional animals that 
respond favorably to any diet no matter how ineffective this diet has been 
shown to be with other animals. It is of interest that along with the in- 
creased hemoglobin production, the red cell number and volume remained 
relatively constant, which is in contrast to their behavior in the other ex- 
periments. The response of the reticulocytes, on the other hand, is strik- 
ing, the average pre-irradiation level being more than doubled 3 days after 
the exposure, and over four times increased 12 days after. The level was 
still high at the end of 3 weeks. 

To test the possibility that the inability to stimulate hemoglobin forma- 
tion was due to too severe exposure, four additional experiments were per- 
formed in which the animals were given moderate and small doses of 
carbon arc energy. One animal was irradiated every other day for 1/2 hour 
at 80 cm. (38.4 g. cal. per sq. cm.) for a total of 7 exposures, while a second 
animal was irradiated twice on alternate days for 1/2 hour at 80 cm. and 
four times for 45 minutes at the same distance (57.6 g. cal. per sq. cm.). 
The third and fourth dogs were irradiated 4 times for 15 minutes at 80 cm. 
(19.2 g. cal per sq. cm.) at 2 or 3 day intervals, the latter animal being 
exposed to a second series of similar exposures after a 2-week interval. 

The results in all of these experiments were similar to those following 
massive exposures. The fourth experiment of this series was particularly 
interesting. This animal had been used as a control for 11 weeks. During 
this period there was an unusually vigorous hemoglobin production, an 
average of 9 gms. of hemoglobin being removed each week in order to 
maintain a constant anemic level. In contrast to this, the average amount 
of hemoglobin removed weekly over a period of 7 weeks during and after 
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irradiation was decreased to 6.3 gms., there being no hemoglobin removed 
during the first week after the first series of exposures and during the ir- 
radiation week of the second series. 

The above experiments clearly indicate that radiation, at least under 
these experimental conditions, cannot act as a substitute for dietary defi- 
ciencies, a point which has been emphasized in studies in rickets, in which 
it has been clearly demonstrated that radiation is effective only by virtue 
of the fact that it enables or permits the organism to utilize more econom- 
ically materials present but not available. In this connection the experi- 
menta] procedure used in this work might be criticised as being particularly 
severe, since it not only removed hemoglobin building stores from the 
body, but also left the animals only a bare minimum of material which 
could be effective in the manufacture of hemoglobin. It seemed likely that 
if some substance, known to have a certain potency in effecting blood re- 
generation, were added to the maintenance diet, this ability might be 
enhanced by irradiation of the animal. Whipple and Robscheit-Robbins 
(1927) showed that dried apricots and peaches, as well as lettuce, are 
moderately potent stimulants to hemoglobin formation, their addition to 
the bread diet resulting in the production of from 15 to 45 gms. of hemo- 
globin per 2-week period over and above the maintenance level. These 
substances were therefore incorporated in the diet of some of our animals. 
Dried peaches were added to the bread S diet of two dogs; dried apricots 
to that of five dogs, and five animals received lettuce in addition to the 
bread. As a further check, to insure the fact that the particular diet was 
not responsible for the lack of hemoglobin production, four animals were 
fed the Cowgill diet (1923) to compare its relative efficiency with that of 
the Whipple diet in effecting hemoglobin regeneration under these condi- 
tions. The procedure was essentially the same as that employed in the 
previous experiments. The supplemented bread or Cowgill diet was fed 
for at least two weeks before irradiation was begun and for a similar period 
after the irradiation was stopped. Various combinations of diet and ex- 
posures to the two sources were used on the same or on different animals. 

The responses to the irradiation were in all cases similar to those de- 
scribed when bread S alone was fed. With one exception the animals showed 
an augmented response to the feeding of these substances, the average 
weekly hemoglobin production being 7 gms. when peaches were added, 
15 gms. for apricots and 10 gms. for lettuce. In no case did irradiation, 
either from the carbon or quartz mercury arc produce any definite increase 
in hemoglobin production over and above that produced in the control 
pre-irradiation period. Table I illustrates a typical case. This animal was 
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fed bread S supplemented by apricots. After a 3-week control period it 
was given 3 moderate exposures to the carbon arc on alternate days. The 
amount of hemoglobin removed during this irradiation week was about 
2 gms. less than in the previous control period. The amount of hemoglobin 
removed in the next two weeks (Sth and 6th weeks) was about 3 gms. 
over that removed in a similar control period. The substitution of lettuce 
for apricots in the diet at this time resulted in an increased hemoglobin 
production for the following week, which, however, was not maintained in 
the succeeding irradiation period when the animal was given five moderate 
exposures to the quartz mercury vapor arc. The amount of hemoglobin 
formed continued to decrease during the post-irradiation period (10th 
and 11th weeks). 

At this time it was decided to test the relative merits of the Cowgill 
diet (1923) as compared with the supplemented bread S. A week of feed- 
ing of this diet was not accompanied by any increased hemoglobin produc- 
tion. The animal was again irradiated with the quartz mercury vapor arc 
for the same length of time as previously, and the hemoglobin level re- 
mained practically constant, no bleeding (except the amount of blood 
removed for routine determinations) being necessary to keep it so. At the 
end of the next two weeks, the hemoglobin level showed definite signs of 
decreasing, an effect accentuated by a second series of carbon arc expo- 
sures. The level began to rise almost immediately when bread S and lettuce 
were fed. The ineffectiveness of the Cowgill diet in effecting hemoglobin 
regeneration has been discussed in the preceding paper. 

Determinations of white cell number, differentials, red cell fragility, 
specific gravity and plasma volume were also included in all of these ob- 
servations. With the exception of the last two functions, no consistent 
changes were observed which could be ascribed to the irradiation. The 
number of white cells showed fluctuations considered to be within the 
normal range. In many cases a relative lymphocytosis was observed dur- 
ing or immediately after the irradiation period, but this was not true in 
the majority. There was a tendency to increased cell fragility immediately 
after an exposure in some animals, followed by increased resistance in the 
post-irradiation period, but this was by no means general. Sharp spurts 
in the number of platelets were encountered following irradiation in a 
number of cases where the diet was supplemented, but since similar 
changes occurred spontaneously in the controls, they are not ascribed to 
the irradiation. Specific gravity and plasma volume determinations con- 
firmed the results previously published (Mayerson and Laurens, 1928) that 
irradiation with either the carbon or the quartz mercury vapor arc is 
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Taste I. 
Doc W—Mate-TERRIER 
ais 
oe) 2 = 3 a Las Osdcia eo 
3 Diet fed iC) g 8 se |Hos Bed ree 
é S.|ase| de | Beg |S22| She |833 3 
S Sa | ad BE | edS |2bc| abs Seca 
1 | 400gm. bread S+/ 7.4 _ 1.0454 4.44 _ 29.0 65.3 
2 | 200 gms. apricots — _ 1.0384 4.46 6.3 23.5 52.9 
3 7.4 525.0 1.0355 4.67 1.0 20.0 42.8 
Irradiation period—Pan Ray Arc—30, 20, 15 minutes at 60 cm. on alternate days. 
4 1.0442 4.87 2.0 28.0 57.4 
Post-Irradiation period. 
5 7.6 508.0 1.0415 5.17 2.7 27.0 52.2 
6 — — 1.0387 4.38 2.7 21.0 47.8 
7 | 400 gms. breadS | 7.4 491.0 1.0380 4.51 5.3 21.5 47.6 
+200 gms. lettuce 
Irradiation period—Hg arc—S5 times—30 min. at 60 cm. on alternate days. 
8 7.2 _ 1.0431 4.45 7.0 24.0 53.9 
9 7.2 454.0 1.0383 3.98 6.0 19.0 47.7 
Post-irradiation period 
10 _ _ 1.0474 6.02 | 10.0 28.0 46.5 
11 7.2 523.0 1.0308 4.92 6.0 28.0 56.9 
12 | 115 gms. Cowgill | 7.2 1.0416 4.30 8.0 19.5 45.3 
diet 
Irradiation period—Hg arc—5 times—30 min. at 60 cm. on alternate days. 
13 7.0 497.0 1.0407 4.23 5.0 18.0 44.9 
14 7.0 _ 1.0414 4.26 2.0 21.0 49.4 
Post-irradiation period 
15 —_ — 1.0391 5.30 3.0 21.0 39.6 
16 6.8 543.0 1.0317 3.32 3.0 18.0 54.2 
17 _— _ 1.0391 3.62 6.0 16.5 45.5 
Irradiation period—Pan Ray Arc—30, 20 min. at 60 cm. once each week. 
18 7.0 _ 1.0379 3.38 3.0 16.0 47.3 
19 _ — 1.0352 2.72 2.0 18.0 66.1 
Post-irradiation period 
20 | 400 gms. breadS | 6.8 515.0 1.0354 3.40 4.0 16.0 47.0 
21 | +200 gms. lettuce} — _— 1.0359 3.92 9.0 17.0 43.0 
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TABLE I (continued) 
Doc W—MaALte-TERRIER 
: t 8 - . ; > |o 
FE: g 22 3 Fragility* 8g . Differential é 8 ‘i ce 
ay Bax} U5 $3| = g5 Seg 
&e OB El a a 0.5|0.6)0.7\0.8 =x| BB IS|LIN| EB ESzie be 
9.42 | 20.2 | 32.6 | 31] 50| 47] 41} 860 | 10400) 23 2 | 75 0} O| 7.86 
7.86 | 17.6 | 33.2 | 41] 42] 38] 35} 930] 13200) 19} 3 | 78 0} 0| 9.89 
7.04 | 15.0 | 34.1 | 35} 33] 40| 35} 2880 | 10700} 23 1 | 76 0; O {10.45 | 28.20 
8.11 | 16.6 | 28.9 | 35| 50) 46 44| 720 9600) 20} 14} 66} O} O| 7.16] 7.16 
8.30 | 16.0 | 30.6 | 41} 49) 44} 43] 1140 | 11750) 22 | 12 | 66 0 0 | 9.33 
7.21 | 16.4 | 34.3 | 36] 44] 41] 35} 640] 9500) 25 2/| 71 1 0 |13.64 
7.40 | 16.4 | 34.4 | 32] 35] 34) 30] 620| 9750) 21; 0| 79); 0 0 |19.93 | 42.90 
7.40 | 16.6 | 30.7 | 30} 44) 43} 42} 960! 6600) 17 1 | 82 0; O| 5.18 
6.50 | 16.3 | 34.1 | 34] 36}| 33} 33} 610 | 10250) 20 1 | 78 0 1 |20.53 | 25.71 
7.95 2 | 28.3 | 47} 49} 40) 37} 800] 9700) 20 1 | 79 0 1 | 9.45 
7.95 -1 | 28.2 | 38} 39] 40) 28} 1140 | 7600) 22} Oj} 75 2 1155.52 
6.50 | 15.1 | 33.3 | 26) 33} 30; 29) 480 7450} 19| 0} 70} 10 1 | 7.94 | 22.96 
6.30 | 14.8 | 32.9 | 29] 39| 34) 32) 566] 8750) 15 1 | 75 8 1| 0.0 
6.50 | 15.2 | 30.9 | 32} 32} 34] 30} 820] 8600) 24| O| 74 1 1 0.0 
6.85 | 12.9 | 32.5 | 37] 32} 29] 27} 400 | 12500) 16; 1/ 81 2 0 0.0 
6.66 | 20.0 | 36.8 | 32] 33] 29| 21) 540 | 10900) 18 1 | 81 0; 0} 0.0 
5.00 | 13.8 | 30.3 | 27} 30) 25) 24) 540] 9300) 15 1/| 8 | 0 0 0.0 
4.80 30.0 | 18} 28} 28] 24] 400 | 10400) 25; 0} 73 2 0 0.0 
4.25 23.5 | 20} 20) 23} 17| 700} 7700; 15| 0} 84 1 0 0.0 
3.97 | 11.6 | 24.6 | 27] 25/ 22] 18} 890 | 10950} — | —|— |—|{— 0.0 
5.35 | 13.6 | 31.4| —| —| —}| —| 830 —f— | — | — I 0.0 
*To Na oxalate hematocrit readings. 
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accompanied by a diffusion of water from the tissues resulting in increased 
plasma volume. This change is recovered from after an interval which de- 
pends upon the intensity of the exposure. 

These observations, contrary to our expectations, decisively indicate 
that irradiation does not exert any marked influence on hemoglobin re- 
generation in severe secondary anemia produced by continued bleeding. 
The various combinations of diet and of exposures which were used, while 
not absolutely exhaustive, are sufficient to indicate a lack of any outstand- 
ing influence, and this is further attested by the fact that the addition of 
potent foodstuffs at the end of the experiment always evoked a response 
in these animals. The decreased amounts of hemoglobin formed in many 
of the animals during and after irradiation is difficult to explain. Deter- 
minations of the icteric index in these cases showed no marked increases 
such as would appear if extensive destruction were occurring, especially 
so since the decreased formation of hemoglobin persisted: for a consider- 
able period after the irradiation had been stopped. The suggestion of Mc- 
Cay (1928), that when an animal is kept anemic for a considerable period 
the rate of hemoglobin regeneration generally decreases in the second half 
of any given period, cannot explain these results, since, as previously in- 
dicated, these animals show the characteristic responses to the addition 
of foodstuffs, only moderately effective in increasing hemoglobin produc- 
tion, after periods which unquestionably had exhausted their reserves. 
The experiments reported in the preceding paper indicated that the strain 
ensuing upon the feeding of a diet relatively poor in hemoglobin regenera- 
tive power stimulated an increased production of small red cells and reticu- 
locytes. The absence of any definite hemoglobin regeneration and the 
marked responses of these cells in the present experiments suggest that 
irradiation acts on the mechanism for the production of stroma rather 
than on that by which hemoglobin is made available. 


SUMMARY 


Anemia was produced in 24 dogs employing the procedure and diet 
elaborated by Whipple and Robscheit-Robbins. Carbon and mercury arc 
irradiation of these animals results in marked and persistent increases in 
the number of erythrocytes and reticulocytes, the responses being more 
marked with massive exposures than with smaller doses repeated more 
often. 

An increase in hemoglobin regeneration was noted in only one experi- 
ment. In twelve cases the amount of hemoglobin formed during and im- 
‘mediately following the irradiation period is much less than in previous 
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control periods; in the remaining eleven experiments there was no change 
in the amount formed. The absence in such radiation of any marked stimu- 
lus to hemoglobin formation is evidenced by the fact that peaches, apri- 
cots, or lettuce added to the diet of animals which had shown no response 
to radiation, produce their typical influence. The acceleration of hemo- 
globin regeneration produced by adding these substances to the diet is 
also not demonstrably influenced by any dosage of radiant energy as 
emitted from either of the sources used. 

It is a pleasant duty we do in recording here our thanks to Miss Irene 
M. Sellier for the faithful and painstaking way in which she has aided us 
in collecting and recording the data which are the basis of these papers. 
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OF SOME VARIETIES OF MATURE BEAN 
SEED AND OF STRING BEANS* 


By 
J. S. McCHARGUE AND W. R. Roy 
(From the Department of Chemisiry, Kentucky Agricultural Experiment 
Station, Lexington.) 
Received for Publication—June 9, 1930. 


HE purpose of the analyses contained in this paper was primarily 

to ascertain the copper, manganese, zinc and iron content of some 
of the more common and widely used varieties of seed and string beans 
which are important constituents in the diet of man. However, upon mak- 
ing a search of the literature in regard to the mineral matter contained in 
beans, it was found that only a few varieties have been worked upon and 
the analyses are usually incomplete. 

Samples No. 1 to 10 are the dry, mature seed beans obtained at grocery 
and seed stores. Sample No. 11 represents the immature seed from green 
string beans at the time when the seeds were approximately two-thirds 
grown. Sample No. 12 represents the edible hulls after the beans were re- 
moved. 

COMMENTS ON THE RESULTS OF THE ANALYSES 


The results show a high and a rather uniform mineral content for the dif- 
ferent varieties of beans analyzed. The maximum ash content occurs in 
samples No. 11 and 12, the seeds and hulls of Kentucky Wonder string 
beans, the largest percentage being in the hulls. The results for copper, 
manganese, zinc, and iron in the different varieties analyzed show that they 
are fairly well supplied with these metals. 

Hirano and Mikumo (1) have determined the amount of copper contained 
in a number of different legumes and most of their results are in agreement 
with the results for total copper reported in this paper. They also state 
that from 30 to 40 per cent of the total copper contained in legumes occurs 
in the seed coats. The senior author (2) has published similar findings in re- 
gard to the occurrence of manganese in the seed coats of several kinds of 
seeds. The calcium and magnesium content are about equal in all the vari- 
eties and the quantity is rather large. Beans are well supplied with phos- 
phorus—the maximum content occurs in sample No. 11, the immature 


* The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director. 
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seeds. The results for chlorine represent total chlorine determined by 
Methods of Analysis, Association of Official Agricultural Chemists, page 
43. Sample No. 11 also contains approximately three times as much 
sulfur as any of the other samples analyzed. The nitrogen content of beans 
is high and they are one of the principal sources of vegetable protein in the 
diet of man. However, it has been demonstrated that the proteins of beans 
cannot be used satisfactorily as a substitute for the proteins of meat, eggs 
and milk (3). It has been reported that beans are low in cystine and that 
when this protein is supplied in ample amount the potency of the protein 
of beans is greatly enhanced. The results for total sulfur in beans show as 
much or more than is contained in the proteins of animal products. It is 
also to be observed that the edible hulls contain more mineral matter than 
the seed. String beans are usually eaten before the seeds have attained 
maturity. It is apparent that they are rich in mineral matter at this stage 
of their growth. 

Sherman (4) states that in 1908 and 1909, when beriberi was at its worst 
among the Philippine Scouts, their diet consisted essentially of 12 oz. of 
beef, 8 oz. of white flour, 8 oz. of potatoes and 20 oz. of rice (ordinarily pol- 
ished). The change in the ration, as finally decided upon after some months 
of experimentation, consisted in giving, in place of the 20 oz. of polished 
rice, 16 oz. of unpolished rice and 1.6 oz. of dried beans. Experiments, per- 
formed largely upon fowls, have shown that while beef has some effect in 
preventing beriberi, an equal weight of beans, peas or peanuts is much more 
efficacious. Chamberlain states, in fact, that the disease had disappeared 
as the result of adding the beans to the ration, before the substitution of 
unpolished for polished rice had been completed. 

It is therefore probable that the curative property of beans for beriberi 
is associated with their relatively high mineral content. 

1. Hirano, I., and Mikumo, R., Jour. Pharm. Soc. Japan, 1925, No. 525. 992-4; Chem. Abs.’ 
1926, 20, 616. 
2. McHargue, J. S., Jour. Amer. Chem. Soc., 1914, XXXVI, 12. 


3. McCollum, E. V., Simonds, N., and Pitz, W. J., Jour. Biol. Chem., 1917, XXIX, 521-36. 
4. Sherman, H. C., Chemistry of Food and Nutrition, 3rd Ed., 1927, 400. 
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HE question of family coefficients is one which, so far as we are 
aware, has never received the consideration to which it is entitled. 
Yet it is on this figure that all conclusions about food intake, based on fam- 
ily consumption—the only correct basis for assessment under strictly na- 
tional conditions—are founded. It is not that no attention has been given 
to the problem. On the contrary, as reference to the table in Greenwald’s 
(1) paperin Endocrinology and Metabolism shows, many attempts have been 
made to apportion in adequate fashion the food available between the vari- 
ous members of the family studied. When the question is examined more 
closely it will be found, we believe, that in the majority of these tables the 
figures are more indicative of an intuitive arrival at a result than the prod- 
uct of direct determination. Admittedly to obtain accurate results from the 
study of individual households is time-consuming and extremely difficult. 
In the course of a recent investigation (2) we had the opportunity of test- 
ing the validity of the values commonly employed. Out of a number of fam- 
ilies tried, it is to be regretted that, on strict analysis, only five of the 1e- 
sults were found to be worthy of credence. These five families totalled in 
all 22 persons, 10 parents and 12 children. The data were obtained in the 
course of a study of 154 family diets, each of seven days’ duration, by a 
highly trained investigator. We believe that these results are as nearly ex- 
act as such a method can give. We are deeply indebted not only to Miss 
M. Shanks, our investigator, but to the various house-wives for their pa- 
tience, care, interest and tolerance. 
It may be mentioned here that the man value which we adopted may be 
regarded as practically a combination of the family coefficients of Atwater 
and of Lusk. These values are as follows: 


Bley Sc. ecVecegoiq 1.00 Child 8 to9-11/12......... 0.70 
WN. oso debet 263 Jo, 0.83 S. @E:P-400Bi4. 8 0.60 
Sep bias 60s ves 1.00 © iGO Beaapears. a0 0.50 
Se re Bee 0.83 © BPO 0.40 
Child 12 to 13-11/12....... 0.90 Si AS PAMPER: 236-5 2226 0.30 
Child 10 “ 11-11/12....... 0.80 wi ek SBC oT Be 0.20 
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We had previously adopted this modification as the result of the con- 
sideration of repeated actual observations of the food consumed in the 
course of previous dietetic studies. In order that our results can be recal- 
culated in any value desired, we give a summary of the five families. 








TABLE I 
a Protein Fat Carbohydrate ; 
Family gm. gm. gm. Calories 

A Man value 3.53 111.06 123.31 382.85 3162 
Father 137.40 166.94 355.25 3564 

Mother 80.45 88.29 292.85 2343 

Boy 14-1/12 92.09 93.57 373.13 2769 

Boy 9 82.09 86.50 330.24 2486 

B Man value 3.03 98.72 102.08 427.76 3097 
Father 126.21 132.01 420.10 3462 

Mother 70.47 70.23 365.69 2433 

Girl 11-6/12 70.72 72.39 355.91 2411 

Girl 2 31.73 34.66 154.40 1079 

Cc Man value 3.53 91.27 98.28 403.91 2934 
Father 113.93 121.47 436.34 3377 

Mother 72.00 87.23 313.46 2383 

Boy 11-6/12 62.04 69.27 322.28 2211 

Girl 7-11/12 43.41 45.29 235.63 1559 

Boy 1-9/12 30.81 23.68 118.09 828 

D Man value 3.13 84.73 124.37 399.50 3134 
Father 100.06 175.71 398.12 3668 

Mother 66.45 88.63 347.74 2514 

Girl 4-10/12 39.40 48.91 206.90 1460 

Boy 3-4/12 34.42 42.29 197.40 1339 

Girl 1-5/12 24.93 33.75 100.29 827 

E Man value 2.63 92.71 128.02 380.08 3124 
Father 91.26 131.50 396.42 3216 

Mother 70.35 99.62 299.17 2436 

Girl 4 43.30 61.15 163.62 1417 

Boy 1-11/12 38.91 44.42 140.40 1149 




















The five studies were fortunate, from a comparative point of view, in re- 
spect that the daily Calorie value per man of the intake lay between 3162 
and 2934. As regards the incomes per man week of the five families, they 
are, in U.S. money, as follows: $3.10, $5. 51, $3.42, $4.66 and $3.69. Of this 
income they spent respectively 88, 53, 54, 60 and 75 per cent on food. 

In the first place attention will be devoted to the consumption by the 
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male wage earner. The following short table shows very clearly that the 
man in each case obtained a higher calorie intake than he was entitled to 
from the “man value.” 











TasBLe II 
Calories Calories Calories Percentage increase 
man value man consumption excess over man value 
I 3162 3564 402 12.71 
I 3097 3461 364 11.75 
Ill 2934 3377 443 15.09 
IV 3133 3667 534 17.04 
V 3124 3216 92 2.94 

















The average of the above analysis shows that in these five families the 
man obtains in actual fact about 12 per cent more calories than is indicated 
by the “man value.” When the distribution of calories is calculated on the 
food consumed, it is found that these extra calories were obtained, not from 
a flat rate increase in all the proximate principles, but from about a 19 per 
cent increase in protein intake and a 25 per cent increase in the intake of 
fat. The interpretation is that the wage earner eats the major share of the 
meat provided in the household. The man in these particular studies con- 
sumes about 35 per cent (S.D. 2.8) of the total allowance for the household. 

When the food consumption of the mother is examined it is found to be 
not only well below that of the man but to be definitely below that of the 
conventional 17 per cent diminution below man value in the family coef- 
ficient scale. This is clearly seen from the following table where the per- 
centage diminution below the actual man consumption is calculated as well 
as the diminution below the family (coefficient) ‘‘man value.” 














Tasie LT 
A B c 
; Calories Calories Diff. Percentage | Diff. | Percentage age 
Calories man con- | mother con- A-C diminution | B-—C | diminution 
man value sumption | sumption 
I 3162 3564 2343 819 —25.9 1221 —34.2 
Il 3097 3461 2433 664 —21.4 1028 | —29.7 
Il 2934 3377 2383 551 —18.8 994 —29.4 
IV 3133 3667 2514 619 —19.7 1153 | —31.4 
V 3124 3216 2436 688 —22.0 780 | —24.3 























_ These values give average percentage diminution for the woman of more 
than 21 per cent below “man value” and over 29 per cent below the actual 
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consumption of the male wage earner. When the values are worked out 
taking the actual man consumption value as unity for a family coefficient, 
it would follow, from the data given by these five studies, that the value to 
be assigned to the adult woman is almost exactly 0.70 instead of the gener- 
ally accepted 0.83. The five values run as follows: 0.66, 0.70, 0.71, 0.69, 
and 0.76. 

When the nature of the reduction is investigated, it is found that the 
woman obtains approximately 24 per cent less protein, 24 per cent less fat 
and 19 per cent less carbohydrate than the “man value” and approxi- 
mately 36, 39 and 19 per cent less than the actual man consumption. 

In the case of the children, unfortunately very few in number, the family 
coefficient values work out as follows: Boy 14=0.78; children 11-12=0.70, 
0.65; child 9=0.70; child 7-8=0.46; children 4-5 =0.40, 0.44; child 3-4 
= 0.37; child 2-3=0.31; children 1-2 = 0.36, 0.25, 0.23. 








Taste IV 

Average 
Rs 6 nlnn cua ckndins séheaw aude vibiaes ined seein anes 5s 4s 1.00 

Woman =0. 52, 0.91, 0.59, 0.73, 0.72, 0.77, 0.54, 0.57, 

0.42, 0.54, 0.45, 0.74, 0.57, 0.87, 0.49, 0.84, 
UE 0. ld: dinn shia s Uke Ch eteresepnenhiveen 0.66 
als csr dene nse eetigd bech cebewereenenced 0.84 
ee cc civsvctdencccgiongese sececdeseancesed 0.66 
BT SEG iui dus 6b ccs ie bw lec Shee ddb osilccedewsceected 0.74 
IN nn ricetetinnk cae teks eines bers eopeetes debi 0.86 
i A os «6 ccenccntededyccens causa sepeeees 0.76 
el SE ns dtetingunscccces (rhea eesasdensitneianiwes 0.57 
Ge Se RES 6 6 vce cicinnecs coscccevbndsvoodes 0.67 
ee OTT TT TT TT TTT eT TTT 0.62 
“ iting an acbosbdntdocsenenctqnsessacees 0.73 
os sc Vdc TUDE ek vbetecdeeedenceseedens cout 0.62 
- SG CA, COREG. 6c vicccqwoccdvscccesecevivsed 0.64 
” is dus v0cbsn<vedeadas dccesdeceeseeeseded 0.62 
. Ee I, 0 0 bc SRE eds 0 60 Cee deb ber eves 0.54 
a tative cine dahie 0 05 ites CURR bv ws Ha se 5 00-08 0.41 





In the above table those values are omitted which were taken from families where Tigerstedt 
definitely states the father of the family was ill at the time of study. 
In the case of the children, the values which refer to female children are italicized. 


These figures, few as they are, suffice to arouse the suspicion that the 
family coefficient values commonly accepted, insofar as they apply to 
Britain at least, do not possibly represent a true value. 

The only comparable series of figures, of which we are aware, is a set 
collected by Tigerstedt (3). These data, representing 25 families, we have 
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analysed and as the results detailed below show they, like our own more lim- 
ited series, raise doubts about the validity of the ordinary standards of 
family coefficients. 

As regards the extent to which the father’s consumption exceeded the 
“man value” figure, calculated on the basis of our coefficients, very few of 









































TABLE V 
Av. wet. Av. Cals. Av. total Av. totalCals. of | % calc. H&F total 
in kilos per kilo Cals. Tigerstedt Cals. to actual 
Boys No. children T. values 
Age TT. H&F** | T. H&F| T. H&F | calc. H&F data (B/AX 100) 
A B 
14 3} 42 42.5 59 80 2442 3400 3360 139.2 
13 213 8 67 80 2542 3040 3040 119.6 
12 7] 36 34.2 68 80 2402 2735 2880 113.9 
11 3} 30.3 314 78 80 2359 2510 2424 106.4 
10 o> oa § 54 80 1917 2330 2400 121.5 
9 3] 26 26.4 89 80 2277 2110 2080 92.7 
8 2| 24 24 71 80 1711 1920 1920 112.2 
7 2] 21.5 21.8 98 80 1953 1745 1720 89.3 
a diese kaa atte. Gia a on - 
5 3 17 18.2 104 82 1740 1490 1394 85.6 
4 1 15 16.4 104 8&4 1557 1380 1260 88.6 
Girls 
14 4| 43.5 45 57 74 2479 3330 3219 134.3 
13 2] 42 40.6 51 79 2396 3210 3318 133.9 
12 2) 36 35.8 68 80 2343 2864 2880 122.2 
11 453. 2.5 53 80 1325 2520 2000 190.2 
10 1 26 28.5 70 77 1809 2195 2002 121.3 
“gg = -_. - i a a ~<a a As 
8 1} 24 23.9 85 76 2030 1815 1824 89.4 
7 3] 24.3 21.8 76 7 1843 1660 1843 90.1 
6 3} 21.7 20 85 76 1829 1520 1649 83.1 
5 1 19 18.2 73 78 1388 1410 1482 101.6 
4 1; 14 15.9 81 82 1130 1300 1134 115.1 
* Tigerstedt 
** Holt & Fales 


Tigerstedt’s families could be utilized for the calculation as in the majority 
they had “‘living in” either adolescent sons in full work or else male serv- 
ants whose high consumption vitiated the direct assessment. In the nine 
studies available, there was an average excess consumption above the man 
value of just over 12 per cent. No stress is laid on the apparent close agree- 
ment between this figure and that found in our five studies, as in the pres- 
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ent series actually only seven of the diets showed an increase; in two there 
was a slight decrease. 

We thought it would be of further interest to compare Tigerstedt’s val- 
ues obtained for his series of children with the arbitrary scale given by 
Holt and Fales (4). The following table gives the necessary comparative 
data. 

It is astonishing that the American data, as regards standard weights for 
age, resemble so closely those of Tigerstedt for Finnish children. It would 
seem, if the Tigerstedt data can be accepted as approximately correct, that 
Holt and Fales in their deduced scale have overestimated the calorie per 
kilo body weight needs of the older children and underestimated those 
of the younger children in the case of the boys whereas with the girls the 
overestimation is confined in the main to the older children. The differ- 
ences which exist between the Tigerstedt and Holt and Fales values are 
clearly discernible in the last column of the table. 

The fact that the weights of the Tigerstedt children agree on the whole 
so well with the standard average figures as given by Holt and Fales com- 
pensates to a certain degree for the fewness in numbers and lends a certain 
value to the differences in observed and calculated calorie intake. It would 
be, of course, perfectly absurd to draw any far-reaching conclusions from 
these scanty data, interesting and suggestive though they may be. 

Slosse and Waxweiler (5) in their study of the diet of Belgian workmen, 
published some very scanty data on the family coefficients of four families. 
It is to be regretted that practically no details are given, especially as to 
whether the families belonged to the same industrial class as those of the 
other dietary studies made by them. Their values are high as compared 
with the direct observations of Tigerstedt and ourselves. They run, taking 
man as unity, as follows: 

Woman (6) 0.93, 0.80, 0.86, 0.94, 0.71, 0.89, 0.84, 0.90, 0.87, 0.81. 

Child 9 (2) 0.70, 0.75. 

Child 7 (2) 0.60, 0.70. 

Child 6 (1) 0.74. 


It must be obvious then from the foregoing data, even though they be 
very limited, that the indiscriminate and uncritical use of family coefficients 
is frought with danger (See also Greenwood (6)). We do not suggest that the 
method of family coefficients is useless and should be discarded; such a sug- 
gestion would be far from the truth, but we do claim that it is a problem 
which requires immediate investigation, dispite its difficulty, and labori- 
ousness. The data must be collected from families living under normal con- 
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ditions of life and labor. Institutional data, no matter how accurately col- 
lected, can never fulfil the same end. 
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N making the biological assay of food materials for vitamin A we 

have followed, in principle, the curative procedure suggested by Sher- 
man and Munsell (1) which requires a preliminary feeding (depletion) peri- 
od to rid the tissues of vitamin A, after which sufficient vitamin A-carrying 
food is added barely to maintain body weight for a period of 8 weeks or to 
permit of slow growth not to exceed 3 grams per week. Some of our cura- 
tive experiments, however, have been conducted for 5 instead of 8 weeks 
for the reason that we have felt that the shorter time was adequate for the 
information we desired to obtain. We have not found that the additional 3- 
week period has added much information and the shorter period is less ex- 
pensive and time consuming. 

In the past we have observed, from time to time, considerable variabil- 
ity in the growth response of rats during such experiments and Hume and 
Smith (2), Sherman and Burtis (3) and others have recorded similar ob- 
servations. 

The experiments described in this paper are the result of an attempt to 
point out that one of the reasons for divergent results in the assay of vita- 
min A may lie in the variability of the yeasts or other materials used as a 
source of the vitamin B complex. This question is not a new one, for Col- 
lison, Hume, Smedley-McLean and Smith (4), Hopkins (5) and Luce and 
Smedley-McLean (6) have already raised questions regarding the variabil- 
ity of yeast. The first-named (4) were of the opinion that their sample of 
marmite was deficient in vitamin G (B;), while the others (5, 6) published 
evidence to show that certain preparations of yeast fat contained vitamin 
A. Most workers have assumed that yeasts do not contain vitamin A and 
Hume, Smith and Smedley-McLean (7) have shown that fats from certain 

* Read at the XIII International Congress of Physiologists at Boston, Mass., August, 1929. 


t Publication authorized by the Director of the Pennsylvania Agricultural Experiment Sta- 
tion as Technical Paper No. 504. 
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yeasts were devoid of this vitamin. Our results tend to show that yeasts 
may vary in their potency and that this may be due to the presence of 
vitamin A and to variability in the potency of the vitamin B complex. 

In the experiments described in this paper, the rats were taken from our 
own breeding colony at 21 days of age, at which time they averaged about 
40 grams in weight. Litter mates were distributed throughout the experi- 
mental groups to eliminate chances for error due to litter peculiarities 
and at least 10 animals were fed each type of experimental ration. Each 
growth curve, shown in the charts, represents the average of 10 or more 
individual growth records. The animals were fed separately in individual 
cages containing false bottoms made of wire mesh. The ration consisted 
(in parts per 100) of casein 18, agar 2, salt mixture (McCollum’s 185) 4, 
(8) and dextrin 76. Yeast, in weighed amounts, was fed (daily) separate 
from the ration and distilled water, containing a trace of iodine, was fur- 
nished ad libitum. The antirachitic factor was furnished by irradiating 
the ration (9) with a quartz mercury vapor lamp. 

In former years it has been our custom to feed 0.5 gram of yeast daily to 
furnish the vitamin B complex. Under these conditions we have been 
able to deplete the vitamin A reserves in 37 days, at which time the vi- 
tamin A-carrying food was introduced. The end of the depletion period is 
determined by a sudden and sharp drop in body weight or by a cessation 
of growth, or, occasionally, by a bloody nasal discharge or by the appear- 
ance of xerophthalmic symptoms. In all the experiments described in 
this paper, two drops of butter fat (66 mgm.) have been used as a constant 
and uniform source of vitamin A. 

An examination of the records of 700 rats which had been used in various 
types of vitamin A experiments revealed the fact that not more than 20 
per cent of our animals had shown evidence of ophthalmia. During this 
work we had used a uniform supply of dried yeast as the source of the vita- 
min B complex. Throughout this paper this yeast will be designated as 
Yeast I. 

Yeast I was received at the laboratory late in 1925 and the supply was 
sufficient for the ensuing two years. It was with this yeast that we ob- 
tained an average growth of about 6 grams per week during the depletion 
period, which averaged 37 days in length. 

In January, 1928, when the supply of Yeast I was nearly exhausted, a 
second shipment of yeast (Yeast’ II) was obtained from the same manu- 
facturer. Additional feeding tests (with litter mates of some of the animals 
described above), identical in all respects except that Yeast II was sub- 
stituted for Yeast I, gave disturbingly different results. Instead of 6-gram 
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gains in the depletion period we obtained an average gain of 10 grams for 5 
weeks and the average length of the depletion period was extended from 
37 to 42 days. The most significant difference, however, was the fact that 
90 per cent of our animals were afflicted with definite ophthalmic symp- 
toms as compared with 20 per cent in our previous work. We were con- 
fronted, therefore, with an anomalous situation. Our data indicated that 
Yeast I possessed antiophthalmic properties but poor growth-promoting 
properties, while Yeast II stimulated growth but possessed no power to 
prevent the development of the eye disease. 

Although the supply of Yeast I was nearly exhausted, we were able to 
conduct a few experiments in which separate groups of animals received 
0.5 gram daily of the two yeasts up to the end of the depletion period. At 
that point the yeasts were substituted one for the other and the experiment 
was continued. The ophthalmic symptoms in the group which had pre- 
viously received Yeast II disappeared upon the introduction of Yeast I 
but the animals lost weight and died. These experiments led us to believe 
that we had some evidence to show that vitamin A may consist of two fac- 
tors. Unfortunately, we were unable to obtain further data on this phase 
of the problem owing to our inability to obtain an additional supply of 
Yeast I. It seems evident that either vitamin A consists of two factors or 
that there is but one factor which has different and separate physiological 
réles to play when fed at different levels. We are inclined to the belief that 
further work will substantiate the hypothesis that vitamin A consists of at 
least two factors, one which is specific in the prevention and cure of oph- 
thalmia and other epithelial disturbances, and another which possesses 
the other physiological properties usually ascribed to vitamin A. 

Yeast II was then extracted with ether and the ether extract and the 
yeast residue (now designated as Yeast II(x)) were fed, separately, to dif- 
ferent groups of animals. When Yeast II(x) was fed as the source of the 
vitamin B complex the growth response was practically identical with that 
obtained with (unextracted) Yeast II except that the depletion period was 
shortened to 35 days. When the ether extract was freshly prepared and 
fed at the high level of 0.5 gram daily, growth was stimulated and improve- 
ment was observed in animals afflicted with ophthalmia, indicating that a 
trace of the antiophthalmic factor was present when the extract was fed at 
this high level, which was roughly 100 times the amount present in the 
daily allotment of unextracted yeast. At necropsy the animals compared 
favorably with the control groups which received two drops of butter fat 
daily. Post mortem examinations of all vitamin A-deficient animals which 
received Yeast I showed lesions in the lungs and occasionally in the ears, 
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Since we have been using Yeast III exclusively, the necropsies have re- 
vealed pus in the sinuses, both nasal and mastoid, in the throat, kidney, 
bladder and reproductive system, corroborating the findings of Tyson 
and Smith and others (10,11,12). 

The vitamin A-free control groups died in 10 to 14 days. When this 
was repeated on Yeast III (produced by another manufacturer) the growth 
response was surprisingly good but the depletion period was shortened to 
32 days, ophthalmia occurred to the extent of 100 per cent, and the animals 
died in 10 to 14 days following the depletion point, indicating that Yeast 
III was deficient in vitamin A. A study of the ether extract of Yeast III 





CHART 1.—Average growth curves of the groups which received Yeasts I, II and II(x), show- 
ing that the depletion period was lengthened when Yeast II was fed. All animals received 2 drops 
of butter fat daily during the curative period. 


verified these conclusions. When butter fat was added at the end of the de- 
pletion period we obtained the greatest growth response we had ever ob- 
tained (see Chart 2). It appeared evident, therefore, that the potency of 
yeast from the standpoint of the vitamin B complex might be the cause of 
this pronounced growth response. 

In order that we might obtain further light on the relation of the vitamin 
B complex to vitamin A response, four groups of rats were placed on the 
experimental ration. From the beginning to the end of the experiment each 
rat received 0.5 gram of yeast, the respective experimental groups being 
divided according to the type of yeast used. Two drops of butter fat were 
fed, daily, to each animal at the end of the depletion period. The only ex- 
perimental variable was the type of yeast, the four groups receiving Yeasts 
I, II(x), III, and IV respectively. Yeast IV was a dried yeast which had 
been fortified with an addition of yeast autolysate. 
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An examination of Graph A, Chart 2, shows that growth response varied 
with the type of yeast employed. With Yeast I the growth rates during the 
depletion and curative periods were 6 grams and 6.4 grams, respectively; 
with Yeast II(x), 10 grams and 8.0 grams, respectively; with Yeast III, 
approximately 14 grams during both periods; while Yeast IV (from a third 
manufacturer) produced growth rates of 11 grams and 9 grams, respec- 
tively. These data have been corroborated in subsequent experiments. It 





CHART 2.—Graph A shows the average growth curves of rats receiving 0.5 gm. of different 
yeasts (daily) throughout the experiment and 2 drops of butter fat daily during the curative 
period. 

Graphs B and C show the effect of feeding yeast deficient in the vitamin B complex during the 
depletion period and changing to a better yeast at the beginning of the curative period. All 
animals received 2 drops of butter fat (daily) during the curative period. 


seems evident, therefore, that the source of the vitamin B complex is a 
matter of greatest importance in the standardization of vitamin A tech- 
nique. 

Since different brands of yeast influenced the rate of growth when the 
source of vitamin A was kept constant, we tried the effect of substituting 
one yeast for another at the end of the depletion period. In Graph C, 
Chart 2, are shown typical growth curves obtained when two groups of 
rats received 0.4 gram of Yeast II(x) during the depletion period. At the 
end of this period both groups were about equal in body weight. At this 
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point Yeast II(x) was removed and 0.2 gram of Yeast III was substituted 
in one group while 0.5 gram of Yeast III was added to the diet of the sec- 
ond group. The feeding of two drops of butter fat was started simultane- 
ously in both groups. It will be noted that the growth rate in the curative 
period was nearly doubled by the increased amount of Yeast III. Since we 
proved to our own satisfaction that Yeast III was devoid of vitamin A, we 
are forced to conclude that the increased response was due, in all proba- 
bility, to the additional vitamin B complex added. 

This experiment brings out two points worthy of emphasis: 1, that vita- 
min A response is correlated with the vitamin B complex supply in the ra- 
tion, and 2, that the rate of growth after vitamin A administration is not 
necessarily a function of the weight of the animal at the beginning of the 
curative period. Sherman and Burtis (3) have pointed out that the weight 
of the animal at the beginning of the curative period is a most important 
factor, affecting subsequent response to vitamin A feeding. We agree with 
this observation but desire to emphasize that this is not necessarily the sole 
explanation. 

Our assertion that body weight is not the sole criterion in this regard re- 
ceived additional support when another experiment was conducted where 
0.6 gram of Yeast III was fed to two groups of rats during the depletion 
period. At the beginning of the curative period both groups received 2 
drops of butter fat per animal but the amount of Yeast III was changed 
from 0.6 gram to 0.2 gram, while the other group was allowed to continue 
with 0.6 gram of Yeast III throughout the entire experiment. The results 
are shown in Graph B, Chart 2. In spite of the greater body weight at the 
beginning of the curative period, the group which received the reduced 
amount of vitamin B complex in the second period did not grow well after 
the amount of yeast had been reduced, the growth rate being 6 grams per 
week as compared with 19 grams per week for the group which received 
0.6 gram of yeast throughout the experiment. This was the only ex- 
periment conducted in which the animals were all males, which accounts 
for the greater growth response. In all other experiments males and fe- 
males were distributed uniformly among the groups. 

In the final experiment 11 groups of animals were placed on experiment, 
of which 7 groups received Yeast III in graduated amounts ranging from 
0.2 gram to 0.8 gram by 0.1 gram intervals. Four groups received Yeast 
II(x) in 0.2 gram intervals, the daily allotments being 0.2, 0.4, 0.6 and 0.8 
gram, respectively. 

An examination of Graphs A and B, Chart 3, shows that growth re- 
sponses, in the depletion period and after the introduction of 2 drops of 











Mar., 1931 H. HONEYWELL, R. DUTCHER, AND J. ELY 497 





butter fat per animal, vary with the amount of yeast fed. It is also instruc- 
tive to note that 0.2 gram of Yeast III produced somewhat better growth 
than 0.8 gram of Yeast II(x). Here again we have evidence to show that 
the weight of the animal at the beginning of the curative period is not nec- 
essarily an index of the growth response to be expected upon the introduc- 
tion of vitamin A, for the reason that those animals which received 0.2 
gram of Yeast III grew better (11 grams per week) after the introduction 





Cart 3.—Graphs A and B show the influence of graduated amounts of yeast on growth in 
the depletion and curative periods. All animals received 2 drops of butter fat (daily) during the 
curative period. 


of butter fat than those animals which received 0.8 gram of Yeast II(x) and 
which averaged but 7.5 grams per week. At the beginning of the curative 
period, however, the latter were somewhat larger than the former. 

Experiments are now under way with the hope of ascertaining the rdle 
played by the B (B;) and G (B,) fractions of the vitamin B complex in vita- 
min A response. 

CONCLUSIONS 

The results of this work lead us to conclude:— 

1. That yeasts made by the same manufacturer may or may not contain 
traces of vitamin A. 

2. That vitamin A response, using the curative method, will vary, de- 
pending upon the yeast used as the source of the vitamin B complex. 
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3. That quantitative results, in assaying foods for vitamin A, will vary, 
depending upon the potency of the vitamin B complex in the yeast em- 
ployed. 

4. That in the interest of accuracy, laboratory workers can well afford 
to make periodical tests of their new supplies of yeasts in order to prevent 
this variable from affecting their vitamin A technique. 

5. That vitamin A may consist of two factors, one possessing antioph- 
thalmic properties and which tends to preserve normality of other epithe- 
lial tissues, and the other factor possessing the growth-stimulating proper- 
ties usually ascribed to vitamin A. 

6. That our inability, in former years, to obtain ophthalmic symptoms 
in more than 20 per cent of our animals has been explained, due to the dif- 
ference in antiophthalmic properties of yeast. 
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N THE study of certain aspects of metabolism, it seems to us desirable 

to be able to control the light and temperature conditions under which 
the animals live. A small room has been constructed and equipped for the 
control of these conditions over indefinite periods of time, and a brief de- 
scription of it in connection with the accompanying paper! may not be out 
of place. 

The room is an inside room, 600 cubic feet in size, and constructed of hol- 
low tiles. A double-panelled, wooden door gives entrance to it. This door 
is hinged lengthwise in the middle in such a way that one half may be bolted 
except when full width of the door is required, and the other half used for 
ordinary entrance to the room. 

A door switch? automatically turns on the electric light when the door is 
opened to enter the room, and turns it off again when the door is opened to 
leave. The interior of the room is painted black. 

In addition to the door and certain cold air ducts which are described 
later, the room has but one additional opening to the outside,—a small, 
well-insulated, adjustable shutter that may be used for ventilation. This 
is usually kept closed since sufficient ventilation is obtained through un- 
avoidable leaks through the wall, around the door, and through the cold 
air ducts. 

An insect-proof rack,? suspended from the ceiling, carries 22 individual 
rat cages.‘ Under these, near the floor, are 2 double “cat” cages® in which a 


1 Wesson, L. G., This Journal, 1931, III, 503. 

* Edwards “Eco” door switch, Cat. No. 174, Graybar Electric Co., New York. 

* Constructed of 2” cast iron pipe and fittings in the form of shelf supports 1’ x 4’ 6" x 6’ 6” 
high. Four-inch cast iron caps have been tapped and screwed in the 4 uprights in the form of 
cups near the ceiling. These are filled with liquid petrolatum, as a barrier to insects. 

* Army Medical School Model, Cat. C. Fig. LC-28, 9” x9” x15", Geo. H. Wahmann Co., 
Baltimore, Md. 

* Cat. C. Fig. LC-60, 22” x 20" x 15”, Geo. H. Wahmann Co., Baltimore, Md. 
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number of animals may be kept when individual treatment is not deemed 
necessary. 

The temperature of the room is kept approximately constant (28° + 0.5°C) 
by the action of two room thermostats. One thermostat, operating a 
relay’ and mercury switch when the temperature falls to 27.8°, turns on 
heating coils* and the other, in the same manner, turns on a blower that 
admits cold air when the temperature rises to 28.2°. The heating coils are 
placed in a duct through which air is circulated from the bottom to the top 
of the room at all times by means of an 8”’ ventilating fan.* Warm air is 
thus quickly distributed throughout the room. The blower'® that draws 
cold air from a refrigerating room nearby is accompanied by a similar 
blower that returns air from the metabolism room to the refrigerating room 
and thus the air pressure in both rooms is equalized. The cold air is drawn 
from a point well within the refrigerating room and upon entering the me- 
tabolism room is immediately mixed with part of the constantly circulating 
air just described. 

The adjustment and location of the thermostats are such that the heat- 
ing coil is used only when the temperature of the outside room is below 
27.8°C, while the cold air circuit is drawn upon only when the outside room 
temperature reaches 28.2°C. Considerable economy is thus effected in the 
amount of refrigeration required. A recording thermometer" placed at an 
advantageous position in the room is available for use whenever desired. 

A definite amount of ultra-violet radiation is provided by means of a 
mercury arc lamp.” 

Forced exercise under these standard conditions may be given to the rats 
by means of a motor-driven exerciser placed under the cage rack. A number 
of wire baskets held in a frame are slowly revolved 5 times per minute. The 
rats are thus lightly exercised over long periods of time. 

The metabolism room is also used for making calorimetric determina- 
tions under standard conditions. An air-stirred water bath that is main- 
tained at 28°+0.1°C by an independent temperature control, insures not 

* Bimetallic room thermostats, Type Q-10 or Type 4010 Minneapolis Honeywell Heat Regu- 
lating Co., Minneapolis, Minn. 

? Wesson, L, G., Anal. Ed. Jour. Ind. and Eng. Chem., 1930, II, 179. 

* Gilmer Electric Heating Units, Model 810, 110 Volts, 600 Watts, Gilmer Mfg. Corp., 
Louisa, Va. 

* Cat. No. 2995, 8”, 110 Volt A.C, Robbins and Myers, Springfield, Ohio. 

1 Sirocco utility sets, No. 14”, American Blower Corp., Detroit, Mich. 

" Serial A46652, 12”,-15 to +40°C, Foxboro Co., Foxboro, Massachusetts (used without the 


case). 
™ Universal Laboratory, Model, Cat. No. 2640, Hanovia Chemical and Mfg. Co., Newark, 
N. J. 
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only that the measurements are made under standard conditions, but 
eliminates a frequent source of error in calorimetry, such as the tempera- 
ture variations of parts or of all of the apparatus, during determinations. 
The closed circuit respiratory apparatus, described in detail elsewhere’, 
requires the attention of the operator in the room but a minute or so at the 
end of each period in which a determination is made. 

In addition to the closed circuit apparatus, there is provided a bell jar 
respiratory apparatus! in which an animal may be kept under constant and 
standard conditions and supplied with a source of outside air in order to 
collect samples of the expired air for analysis. Just as in the case of the 
closed circuit apparatus a minute or so only is required to draw off a 
sample of the air for later analysis, in the adjacent laboratory, with the 
Henderson-Haldane gas analysis apparatus. 

A small sink with hot and cold water faucets allows the rinsing of dishes, 
and provides a supply of water for the constant temperature bath in the 
room itself. A water pump attachment has also been found useful for 
suction. 

By providing a room of this character in which not only the variations 
of temperature and light from day to day and from season to season, but 
also the important diurnal variations are avoided, it is believed that cer- 
tain metabolic and vitamin standardizations can be made which would 
otherwise be impossible, and seasonal variations can be better traced to the 
real, underlying causes. 
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ECAUSE of the increasing use of the white rat in metabolism studies, 

there has been considerable interest during the past few years in the 
metabolic rate and respiratory quotients of the rat immediately after feed- 
ing, during the basal condition, and during fasting. The length of time re- 
quired to reach the basal condition is still a matter of uncertainty, as are 
also the actual basal values. This uncertainty is partly due to the fact that 
sufficient effort has not been made to carry out these determinations under 
what might be called standard and uniform conditions. In the work de- 
scribed in the present paper, an attempt has been made to control and 
standardize the conditions under which the determinations were carried 
out, and to allow the rat to reach under this environment what is believed 
to be a more nearly basal condition. 

Temperature. It is well known that the metabolic rate of the rat in- 
creases as one changes the environmental temperature below or above 
28°C. On the basis of this, Goto (1) and Benedict and MacLeod (2) make 
the statement that the basal rate of the rat should be determined only at 
28°. A number of investigators (3, 4, 5, 6,) have selected 27° or 28° as the 
temperature at which their determinations upon rats were made. 

While the metabolic rate changes quickly with variations in the sur- 
rounding temperature, a further response is obtained when the subject re- 
mains for some time under the influence of the new temperature conditions. 
A number of investigators (7, 8, 9, 10, 11, 12, 13, 14) have shown that in 
the tropics or even in the semi-tropics the basal rate of men and women 
averaged lower and in some cases even 20 per cent less than in temperate 
climates. von Hoesslin (15) believes that the rate of metabolism of the 


* This paper was read in outline form before the American Physiological Society at the 
Annual Meeting of the Federation of American Societies for Experimental Biology, Chicago, 
March 26-29, 1930. 
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cells slowly lessens in the hot climate, and that body surface is not the only 
deciding factor in determining the metabolic rate at a given temperature. 
Sundstroem (16) gave his rats ample time to adapt themselves to climate 
environment, but has given no data on the results of his experiments. Hill 
(17) believed that the metabolism of body cells is raised by an open air life 
and exposure to cold. Cori and Cori (6) kept their rats at approximately 
27° for 24 hours prior to their metabolic rate determinations. Benedict and 
MacLeod (2) found a higher metabolic rate in rats kept at 21° than in 
those kept at 28° for 24 hours prior to the determinations which were made 
at 28°. The seasonal variation in rats found by Benedict and MacLeod (2) 
may be partially due to differences in the previous environmental tempera- 
ture. 

In the following series of determinations, we have maintained the rats 
with an environmental temperature of 28° for 3 or more days prior to the 
beginning of the test period. 

Aimospheric humidity and air velocity. These factors are closely allied to 
that of temperature, as they modify the rate of surface cooling at a given 
dry bulb temperature. A number of investigators (18, 19, 20) have well 
shown that the effective temperature and air velocity and not the dry bulb 
temperature are controlling factors in the rate of metabolism. Their meas- 
urements were made on humans, however, in a naked or nearly naked 
condition where the exposure of the skin would be expected to produce the 
maximum effect. Clothing, as would be expected, greatly reduces the effect 
of humidity and air velocity on metabolism. Sundstroem (16) has applied 
these factors to basal determinations on rats, but has given no figures to 
show the magnitude of the observed effects when applied to animals well 
protected by fur. As Richet (21) showed in 1885 by shaving the fur from 
rabbits, the metabolic rate at a given temperature was enormously in- 
creased in the shaved rabbits, while if protected by a cloth covering, these 
rabbits gave quite normal results. Cluzet (22), working with guinea pigs, 
found that at 28° there was a slight decrease in the CO, output in mois- 
ture-saturated air as contrasted with dry air. The effect of normal vari- 
ations of atmospheric humidity and slight air currents on the metabolic rate 
of rats at 28° is apparently of secondary importance. We have not at- 
tempted to modify the humidity nor to determine the velocity of the mild 
air currents in the metabolism room used in the following series of determi- 
nations. 

Barometric pressure. Variations of atmospheric pressure within extreme- 
ly wide limits are known to have no appreciable effect on the respiratory 
gas exchange (23 to 40). 
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Light conditions. Although the rat is a nocturnal animal, in the contin- 
uous absence of light and consequently of diurnal variations of light, its 
activity, as shown by kymographic records, is no greater than under normal 
conditions. In the following series of measurements we have maintained 
rats in the practically complete absence of light for 3 or more days prior to 
the determinations, which were made under the same conditions. This 
factor has been neglected in previous biocalorimetric work. 


TABLE I 
SurFACE AREA OF NoRMAL RATs AND DEXTRIN REQUIREMENTS PER 24 Hours 

















Rat Surface Dextrin Rat Surface Dextrin 
Incre- Incre- 
We | fee | eet Per Increment We, | Acs | aot of Increment 
per gm. 24 hrs. | per gm. per gm. . | per gm. 
gm. cm? cm? gm. gm. gm. cm? cm? gm. gm. 
50 131 1.5 2.55 0.030 230 328 0.9 6.39 0.01 
60 146 1.4 2.85 0.028 240 337 0.9 6.55 0.016 
70 160 1.4 3.13 0.026 250 345 0.8 6.71 0.016 
80 174 1.4 3.39 0.025 260 353 0.8 6.87 0.016 
90 187 1.3 3.63 0.024 270 361 0.8 7.03 0.015 
100 199 1.2 3.87 0.023 280 369 0.8 7.18 0.015 
110 211 1.2 4.10 0.022 290 377 0.8 7.33 0.015 
120 222 1.1 4.32 0.021 300 385 0.8 7.48 0.015 
130 233 1.1 4.53 0.021 310 393 0.8 7.63 0.015 
140 244 1.1 4.74 0.020 320 401 0.8 7.78 0.015 
150 254 1.0 4.94 0.019 330 408 0.7 7.93 0.014 
160 264 1.0 5.13 0.019 340 415 0.7 8.07 0.014 
170 274 1.0 5.32 0.019 350 422 0.7 8.21 0.014 
180 283 0.9 5.51 0.018 360 429 0.7 8.35 0.014 
190 292 0.9 5.69 0.018 370 436 0.7 8.49 0.014 
200 301 0.9 5.87 0.017 380 443 0.7 8.63 0.013 
210 310 0.9 6.04 0.017 390 450 0.7 8.76 0.013 
220 319 0.9 6.21 0.017 400 457 0.7 8.89 0.013 





























Period of fasting. The usual method of determining the time of the be- 
ginning of fasting has been to remove the food cups from the animals with- 
out a knowledge of when the animals last ate. Cori and Cori (6), however, 
in a study of the rate of formation of glycogen, fed glucose by stomach tube 
and determined the metabolic rate and respiratory quotients for 3 hours 
after feeding. Arvay (41) fed meat powder and lard and determined the gas 
exchange for 30 minutes. In the following work we have given the rat a 
definite amount of dextrin to eat. This was eaten immediately, for the most 
part, and if a residue remained it was fed to the rat, so that the duration of 
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the meal was not more than 30 minutes. The periods were then timed from 
the beginning of this test meal. 

Amount and kind of food available for metabolism. Aside from the investi- 
gations mentioned in the preceding paragraph, no attempt has been made 
to control the amount of metabolites available to the animals at the be- 
ginning of the fasting period. In this work this was done by a preliminary 
fast of 18 to 24 hours, followed by a test meal consisting of an amount of 
dextrin that, based upon an average metabolic rate, would furnish suffi- 
cient calories for 12 hours. By the preliminary fasting, available metabo- 
lites were reduced to body fat and protein and a minimum of glycogen. At 
the end of the test meal the rat has an amount of food and food stores that 
we believe is as definite in amount and kind as can be obtained in a normal 
animal. 

The weight of dextrin for the test meal was calculated on the basis of 
previous determinations by others of the metabolic rate of the male rat. 
An average value of 800 Cals. per square meter of body surface per 24 
hours, or 0.04 Cal. per square centimeter per 12 hours was assumed. As 
1 gm. dextrin by its complete combustion to CO, and liquid H,O furnishes 
4.11 Cals. (42), 0.04 Cal. would require 0.009734 gm. dextrin. The weight 
of dextrin in grams required for the test meal can be found by multiplying 
by 0.009734 the surface area in square centimeters as calculated from Lee’s 
formula (43 and p. 513). Table I shows the surface area in sq. cm. and the 
weight of dextrin required for the calories per 24 hours for normal male rats 
of various body weights on the assumption that all of the 800 Cals. per 
square meter of skin area are obtained from the dextrin. 


METHOD 


In our series the metabolic rate and respiratory quotients were deter- 
mined for periods up to 44 hours from the beginning of the test meal. 
These determinations were made at 28° and in the dark in 2 distinct types 
of apparatus, as follows: 1.—A bell jar in whichthe rat was placed, and from 
which the expired air was collected at intervals for analysis in a Hender- 
son-Haldane gas analysis apparatus. 2.—A closed circuit apparatus pre- 
viously described (44), but now improved in convenience and accuracy. 
The 20 rats of this series were run repeatedly as follows. Rats A and B 
were kept in a dark, constant temperature room for 3 or 4 days prior to the 
fasting and feeding. They were then run at 1-hour periods for the inter- 
vals 1 to 10 hours, and 22 to 35 hours, A in the bell jar and B in the closed 
circuit apparatus. They were then restored to light and the stock diet, and 
several weeks later were placed in the dark room again and run for the in- 
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terval 11 to 21 hours, and 34 to 44 hours, in the same apparatus as before. 
Later the same procedure was repeated, placing B now in the bell jar and 
A in the closed circuit apparatus. By a similar rotation of the 20 rats it 
was possible to avoid the effect of the individual variations of the rats on 
the average of the approximately 500 determinations made. 

The rats were male animals, 120 to 220 grams in weight, and maintained, 
as recommended by Osborne and Mendel (45), on a stock diet of special 
dog biscuits! with greens and milk on alternate days. These determina- 
tions were made in September, October and November. 


APPARATUS 


Constant temperature metabolism room (46). A well-insulated inside room 
of 600 cu. ft. capacity is kept at an approximate temperature of 28 + 0.5°C. 
Total darkness is obtained at all times except when a person is in the room. 
At these times the room is illuminated by an incandescent light bulb oper- 
ated by a door switch. Individual cages in which the rats are kept are sup- 
ported on an insect-proof rack in this room. 

Bell jar apparatus for metabolic rate and respiratory quotient determina- 
tions. This apparatus is situated in the constant temperature metabolism 
room. A bell jar (47) of about 12.5 liters capacity is provided with an in- 
let tube which reaches to the bottom and an outlet tube which extends 
from the top, both tubes extending through the rubber stopper of the bell 
jar and being provided with stopcocks. The bell jar is placed on a glass 
plate and the ground-glass flange at the bottom is made air-tight by means 
of petrolatum. Tests for leaks are made before each period by means of a 
manometer. A small motor manufactured for use in a malted milk mixer 
was fitted with a short shaft and a fan, and suspended near the top of the 
inside of the bell jar. The electrical connections for the motor pass through 
the stopper. The inlet tube to the bell jar is connected to a small, oil- 
sealed, rotary pump that may be used for pumping air from the outside of 
the building in and out of the bell jar. A 4-mesh screen in the bell jar }’’ 
from the glass plate bottom prevents the droppings from being accessible 
to the rat. The air of the bell jar is sampled by means of gas sampling 
bulbs and subsequently analyzed in the Henderson-Haldane gas analysis 
apparatus, with the usual check by duplicate analyses. 

To use the apparatus, the animal is placed in the bell jar, and a current 
of outside air passed through the jar from } hour to 1 hour. The stopcocks 
on the outlet and inlet tubes are then closed, and the expired air is allowed 
to accumulate for a period which is judged from the size of the rat to be 


1 Manufactured by Potter-Wrightington Co., Inc., Boston. 
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long enough to give a CO, content of 1.5 to 2.5 per cent CO;. The fan 
motor is then run for 5 seconds to stir the air, after which an air sample is 
withdrawn and analyzed in the adjacent laboratory. Blank runs on the 
apparatus with outside air furnish the CO, and O, values to be used as a 
basis for the calculation. 

Closed circuit apparatus for metabolic rate and respiratory quotient deter- 
minations. This apparatus is also located in the constant temperature 
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metabolism room. The air in this apparatus is circulated by means of a 
single-acting, piston pump (E, Figure 1) run by a motor at a speed of about 
12 cycles per minute. Liquid petrolatum which fills the cylinder both 
above and below the piston as far as the U bend of the pump extends, in- 
sures that any leak past the piston can be only liquid petrolatum, the men- 
iscus of which may be measured at any time by means of graduations on 
the glass part of the pump (E). Each down stroke of the pump propels 
about 80 cc. of air through the 1-liter chamber (D) that contains the ani- 
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mal, and into a 6-liter flask (B, air storage flask), while each up stroke of 
the pump sucks about 80 cc. of air from this flask directly into the barrel 
of the pump without its passing through the animal chamber. The direc- 
tion that the air takes is determined by the rotary valve (F) attached to 
the shaft of the crank wheel (G) of the pump. 

The CO, breathed out by the animal is removed from the air which 
comes from the animal chamber or jar by means of a spiral scrubber (H) 
moistened with standardized NaOH solution (approximately half normal). 
This solution is contained in a test tube, 48 mm. in diameter, supported 
near the bottom of the flask. The spiral scrubber (H) through which air 
both enters and leaves the flask is kept moistened with NaOH solution in 
the following way. When air is drawn from the flask by each up stroke of 
the pump, a few cubic centimeters of liquid are at first sucked up with it to 
the top of the scrubber (H) because the end of the scrubber dips a few milli- 
meters below the surface of the solution. When on the down stroke of the 
pump air is forced into the flask, it passes through the same tube and 
scrubber by which it left the flask, and thus over a large, freshly moistened 
surface. In this manner satisfactory absorption of CO, is obtained. The 
amount of CO, absorbed in a given period of time is determined at the end 
of that period by withdrawing exactly 50 cc. out of approximately 55 cc. of 
the alkali and titrating with standardized HCI in the presence of an excess 
of BaCl, solution and phenolphthalein. 

A simple form of pump (48) has been successfully adapted to this appa- 
ratus and used by several members of the staff of this laboratory. Its 
pump action depends on the alternate raising and lowering of a mercury 
reservoir, the direction of the air current being determined by mercury 
valves. The air, after passing the animal chamber (D), is bubbled into the 
NaOH solution and passes thence from the top of the air storage flask (B), 
back to the mercury valve and pump. Since mercury vapor may be harm- 
ful in some metabolism work, this form of pump is not recommended in 
connection with a respiratory calorimeter for general use. 

As oxygen is used by the animal, the gas pressure in the system dimin- 
ishes, as is indicated by a water manometer (N) on the air storage flask. 
A compensatory flask (C) is connected to the other arm of this manometer. 
This flask is provided with a stopcock (O) which opens to the air of the 
room and which is closed at the beginning of the run. The compensatory 
flask is thus entirely shut off throughout the duration of a run. The tem- 
perature and barometric pressure at this time are recorded and are used in 
the calculations. Moreover, as the compensatory flask contains a small 
amount of the NaOH solution, such as is used in the air storage flask, the 








METABOLISM OF RATS AFTER DEXTRIN Vol.ii, No.5 


“FANOY NG SabovuaAYy 





& 8 ff 


Y SI 


‘% wanoly 
S4NOH 
ht fH @ H of 


cae es 2... £<@ @> 3 oe 














Py 


¥x 


= 





- 








oe 





‘e 
pee 

x 
” 
















































































° 















































suorjoinap aboiany 


spoyzalu Yzog 








(penujuoy) “Z zanorg 


SuNOH 


Oh 6 OF LS OF SS HE SF BZ I OF B& BO Lt 9 St He 
—s a ¥TS 


; ©|e . or bal x 
oy 
a 


oF x 


-_— 
x * x x 2 x p— 
x 









































7 
*” 





x x! 
.™ 
——I + 
ae “< 
q 


[7 - 

















LAURENCE G. WESSON 


b~2 
4 





x 3 2 
3 


7 
3 
































> 


——— enyosoddo jino412 pasoj9 snjosoddo 11N9419 pase) 
























































Mar., 1931 


snjzosvddo sol jag snyosvdde sof jag 
‘sunoy hg sabousay 














$12 METABOLISM OF RATS AFTER DEXTRIN Vol.Il1, No.5 





change of water vapor pressure in it will compensate for any changes of 
the water vapor pressure in the system due to changes of temperature, if 
any, during the run. In other words, this is the same mechanism for com- 
pensation that is used in the Haldane gas analysis apparatus. 

As the air pressure falls in the air storage flask because of the use of O, 
by the animal, more O; is automatically admitted to this flask through the 
liquid petrolatum gas valve (M) from a third flask of equal size which we 
will call the oxygen storage flask (A). Likewise, as the gas pressure falls in 
this flask because of O, being drawn from it, water is automatically admit- 
ted from (I) through the adjustable mercury valve (J) approximately to 
restore the O, and air pressures to their initial value. At the beginning of a 
period the gas pressure in flasks (A) and (B) is adjusted to be equal to the 
pressure in the compensatory flask, by turning the stopcocks of valves (M) 
and (J) to the position that gives free passage of O, and water respectively. 
Similar adjustment is made at the end of each period. The volume of O; 
used in each period is measured by the volume of the water which must 
be admitted from the burette (P) to the 500 cc. volumetric flask (I) to 
bring the water level back to the mark on the neck of the flask. 

The water in the oxygen storage flask is covered by a layer of liquid pet- 
rolatum (also the water in the water reservoir is so covered) to minimize 
gas exchange between the water and oxygen (or air), the same water being 
used repeatedly. The oxygen storage flask is filled with oxygen through the 
inlet tube (L) the water escaping by way of stopcock (K) to the water 
reservoir, which for this purpose is temporarily placed at the level of (A). 

In order that the temperature may be practically the same throughout 
the system, and in order to minimize the danger of leaks in the apparatus, 
the three flasks and the animal chamber with most of their connections are 
completely immersed in an air-stirred water bath. This water bath is main- 
tained at 28+0.1°C. by means of an electric water heater controlled by a 
toluene thermoregulator and an electromagnetic relay. 

A run, that is to say a series of successive determinations of the met- 
abolic rate and respiratory quotient, is made as follows. A weighed and fed 
animal is placed in the animal chamber and this is connected to its place 
under the surface of the water. Fifty cc. of NaOH solution are run from 
burette (S) into the test tube of the air storage flask which already con- 
tains approximately 5 cc. of the residual solution from the last period. The 
outlet of the compensatory flask is closed and the barometer is read. The 
pump is now operated for a preliminary period (say 1 hour) to allow all 
parts of the system and the animal to come to approximate equilibrium. 
At the end of this preliminary period the pump is stopped at a point in its 
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stroke that fixes the volume of air in the cylinder of the pump and also 
leaves the animal chamber open to the system. The stopcock (M) con- 
necting the oxygen storage flask (A) with the air storage flask (B) is opened 
to the free-running position and water is admitted from the flask (I) until 
the gas pressure in these two flasks is equal to the pressure in the compen- 
satory flask (C). Fifty cc. of the NaOH solution are then withdrawn by 
suction into a pipette (R), and transferred to an Erlenmeyer flask contain- 
ing 50 cc. of a 10 per cent BaCl, solution. The BaCl, precipitates the car- 
bonates, and the remaining alkali is titrated with standardized HCl in the 
presence of phenolphthalein (Winkler’s method). In the meantime 50 cc. 
of fresh alkali are run from burette (S) into the test tube, the pump started, 
and thus a new period is begun. 

The approximately 5 cc. NaOH solution left in the flask at the end of the 
preliminary period were equivalent to 1/10th of the titration value for the 
50 cc. of NaOH solution that were withdrawn. Therefore the sum of the 
titration values of this 5 cc. and the 50 cc. of the fresh, added NaOH solu- 
tion is taken as representing the amount of alkali in the test tube at the 
beginning of the first period. At the end of the first period, the total alkali 
in the test tube is represented by the titration value of the 50 cc. with- 
drawn at this time plus 1/10th of this amount, the 1/10th representing 
the 5 cc. of alkali that remain in the test tube. The difference in the alkali 
content at the beginning and at the end of the first period represents the 
alkali used by the CO, in terms of standard HCl, and when multiplied by 
the value of the HCl in terms of CO, at 0° and 760 mm., gives the CO, 
under standard conditions breathed out by the rat in this period.* 

The tables of Boothby and Sandiford (49) are used to convert, by cal- 
culation, the volume of O; as measured by the water burette to standard 
dry gas conditions, and to calculate the large calories equivalent to the O: 
used by the rat. These values were then converted to the 24-hour and 
square meter-surface area basis, using Lee’s formula (43), in which the sur- 
face area of normal rats in square centimeters=12.54x (body wt.°-®), 
where body weight is in grams. 


RESULTS 


In Figure 2 are shown the values for the individual determinations (cir- 
cles, obtained with the Henderson-Haldane apparatus, crosses, with the 
closed circuit apparatus) and the hourly averages of these and their aver- 


* The complete respiratory calorimeter or any part thereof may be obtained from George T. 
Walker & Co., Inc., 324 Fifth Ave. So., Minneapolis, Minn. 
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age deviations. The hourly standard deviations / ae and hourly stand- 
ard deviations from the means // * eo are listed in Table IT. 

A correction in the metabolic rate values for protein metabolism is un- 
necessary, as it has been shown that when protein furnishes less than 15 
per cent of the total calories, this correction is inappreciable (3, 50). 

By the 14th hour the metabolic rate, which at first was high (900 Cals.), 
reaches a basal value (710 Cals.) that is close to the average of the remain- 
ing values. All of the metabolic rate determinations from the 14th to 44th 
hours inclusive average 718 Cals. per square meter per 24 hours. The aver- 
age deviation of these values from the mean is 8.4 per cent, the standard 
deviation is 10.9 per cent, and the standard deviation of the mean is 3.4 
percent. The average of the series obtained in the bell jar apparatus is 77i 
Cals., in the closed circuit apparatus 695 Cals. The difference between 
these values (11 per cent or 3 times the standard deviation of the mean) is 
undoubtedly due to the greater activity of the rat in the bell jar apparatus. 
The corresponding averages of the respiratory quotients differ by only 1 
per cent. 

Using Rubner’s( 51) surface area formula (S =9.13W”) in place of Lee’s 
for these basal rate calculations, the average result for all determinations 
from the 14th to the 44th hours inclusive is 704 Cals. per square meter per 
24 hours. The average result for the bell jar apparatus is 764 Cals. and for 
the closed circuit apparatus, 683 Cals. 

Values that have been arrived at by others for the basal rate of the male 
rat at 28° include the following: Verzdr (5), 806 Cals.; Hari (3), 800 Cals. ; 
Goto (1), 825 Cals.; Benedict and MacLeod (2), 800 Cals.; Wu (52), 750 
Cals. It is believed that the acclimatization to which the rats of the pres- 
ent series were subjected, before the metabolic rate determinations were 
made, is responsible for the low basal rate averages obtained (771 and 695 
Cals. per square meter per 24 hours). 

Although the determinations of the metabolic rate were made on un- 
trained animals, and although it has not been possible to exclude periods of 
activity of the rats as Benedict’s apparatus allows one to do, the magni- 
tude of the deviations compares favorably with that obtained on human 
subjects from whom absolute relaxation may be obtained, for example, 
Gephart and Du Bois (57), 5 per cent; Aub and Du Bois (58), 1.1 per cent; 
Means (56), 7.5 per cent; Benedict, Emmes, Roth and Smith (54), 10 per 
cent; Benedict (55), 13.9 per cent; normal range of variations, 10 per cent; 
Benedict and Carpenter (53), standard deviation, 9.3, and standard devia- 
tion of the mean, 2.0 per cent (calculated by Krogh (36)). 
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TABLE II 
Hovurty METABOLIC RATE AND RESPIRATORY QUOTIENT AVERAGES 
Metabolic rate Respiratory quotient 
Hours 

after S.D. S.D.of Mean S.D. S.D. of Mean 

dextrin Average Average 
Cals. | Cals. % | Cals.| % % % 
1 1072 140 | 13.1] 82 | 7.6] 0.899 0.105 11.7 | 0.060 6.7 
2 833 98 | 11.7] 24 | 2.8] 0.910 0.062 6.9 0.022 2.2 
3 777 107 | 13.8} 32 | 4.1] 0.887 0.069 7.8 0.021 2.$ 
4 728 114 | 15.7] 34 | 4.7] 0.876 0.071 8.1 0.021 ie 
5 768 116 | 15.1} 32 | 4.2] 0.854 0.070 | 10.2 0.021 2.4 
6 764 87 | 11.4] 24 | 3.1] 0.824 0.046 5.5 0.012 1.4 
7 765 108 | 14.1] 31 | 4.0] 0.789 0.021 2.6 0.006 0.8 
8 732 131 | 17.8] 38 | 5.2] 0.788 0.033 4.2 0.009 1.2 
9 728 41 9.9} 12 | 1.7] 0.772 0.021 2.7 0.006 0.8 
10 793 206 | 25.9| 77 | 9.7] 0.776 0.028 3.6 0.011 1.4 
11 770 118 | 15.1] 53 | 6.7 | 0.766 0.017 2.2 0.011 1.4 
12 775 72 9.2} 17 | 2.1] 0.765 0.033 4.3 0.018 1.0 
13 750 84 | 11.0} 25 |13.3 | 0.761 0.015 1.9 0.004 0.5 
14 710 73 | 10.1 | 23 | 3.1] 0.757 0.020 2.6 0.003 0.5 
15 723 114 | 15.7] 28 | 3.8] 0.751 C.027 3.$ 0.006 0.8 
16 704 62 7.8} 15 | 1.8] 0.744 0.031 4.2 0.007 0.9 
17 674 57 8.4] 16 | 2.3 | 0.748 0.016 2.2 0.005 0.6 
18 736 72 9.7} 18 | 2.4] 0.745 0.025 3.3 0.007 0.9 
19 A94 73 110.5} 25 | 3.6] 0.746 0.024 3.2 0.006 0.8 
20 712 72 | 10.1 | 24 | 3.3} 0.747 0.022 2.9 0.008 1.0 
21 712 74 |10.3| 28 | 3.9] 0.738 0.018 2.4 0.007 0.9 
22 582 61 10.5} 35 | 3.3] 0.763 0.013 2.7 0.007 0.9 
23 699 96 | 13.7| 49 | 7.0| 0.764 0.019 2.5 0.009 1.2 
24 661 98 | 14.8] 37 | 5.6] 0.769 0.028 3.6 0.011 1.4 
25 736 88 | 11.9] 25 | 3.3] 0.763 0.025 3.2 0.006 0.8 
26 752 124 | 16.5} 25 | 3.3] 0.757 0.021 2.7 0.006 0.8 
27 701 89 | 11.0] 25 | 3.1] 0.747 0.016 2.34 0.004 0.6 
28 741 123 | 16.4} 37 | 4.9] 0.749 0.020 2.6 0.003 0.5 
29 736 109 | 14.8] 33 | 4.4] 0.746 0.016 2.1 0.005 0.6 
30 762 114 | 14.9} 28 | 3.6] 0.740 0.022 2.9 0.006 0.8 
31 704 65 6.6 | 22 | 2.7] 0.738 0.013 4.7 0.005 0.7 
32 742 121 16.3 | 33 | 4.4] 0.736 0.017 2.3 0.005 0.6 
33 730 73 | 10.0] 23 | 3.1} 0.738 0.016 2.1 0.005 0.7 
34 724 45 6.2} 20 | 2.7} 0.731 0.016 1.7 0.007 1.0 
35 720 +4 6.0} 27 | 3.6} 0.740 0.017 2.2 0.007 0.9 
36 719 56 7.7 | 27 | 3.7] 0.749 0.019 2.5 0.006 0.8 
37 710 77 | 10.5 | 24 | 3.3 | 0.753 0.017 2.2 0.006 0.7 
38 744 68 9.1} 20 | 2.6} 0.730 0.018 2.4 0.006 0.8 
39 723 54 7.4] 17 | 2.3] 0.731 0.031 4.1 0.009 1.2 
40 706 51 6.4} 15 | 1.8] 0.737 0.008 1.0 0.003 0.4 
41 736 53 7.2} 20 | 2.7] 0.730 0.022 2.9 0.005 0.7 
42 720 53 7.2] 14 | 1.9] 0.732 0.017 2.3 0.005 0.6 
43 696 89 | 12.7] 28 | 4.0] 0.738 0.008 1.0 0.002 0.3 
44 671 54 7.9} 27 | 3.8} 0.742 0.013 1.7 0.006 0.7 
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The average hourly respiratory quotient is seen from Figure 2 to have 
dropped steadily from 0.91 in the 2nd hour after feeding, to 0.744 at the 
16th hour. It then rose to 0.769 at the 24th hour, but gradually lessened 
again to 0.736 at the 32nd hour. Another rise to 0.753 was found at the 
37th hour, with a more rapid drop to 0.73 to 0.74 at the 38th and subse- 
quent hours. There is noticed a tendency toward a diurnal variation in the 
respiratory quotients (higher in the morning, not reflected in the metabolic 
rate). 

The average value for the respiratory quotients from the 14th hour on is 
0.743. If the average is taken from the 38th to the 44th hours inclusive, 
when a more nearly constant value occurs, it is found to be 0.733. The 
average deviation is 0.0125 or 1.7 per cent; the standard deviation is 0.0159 
or 2.1 per cent, and the standard deviation of the mean is 0.00188 or 0.26 
per cent. Previous investigators give the following values for fasting rats: 
Arvay (41), 0.760, 0.750, and 0.737 at 30 hours; Zih (4), 0.743 at 16 hours; 
Mattill (47), 0.755 at 2 hours; Aszédi (59), 0.78 at 20 hours; Benedict and 
MacLeod (60), 0.72 to 0.73 at 16 hours; Wu (52), 0.74 at 24 to 29 hours. 

The respiratory quotients given above are not corrected for protein me- 
tabolism. Cori and Cori (6) have found that rats after fasting for 48 hours 
metabolize approximately 10 per cent protein. If the respiratory quotient 
average for the 38th to 44th hours is corrected for 10 per cent protein 
metabolism, a value of 0.722 is obtained. Cori and Cori (6) give 0.711 for 
the 48-hour fasting rat. 

SUMMARY 

By maintaining male rats for some days at the environment under which 
the respiratory gas exchange is to be determined, the low basal rate of 718 
Cals. per square meter per 24 hours was obtained. This basal value was 
reached in the 14th hour after feeding dextrin and maintained approxi- 
mately constant for the 30 hours following. 

The hourly averages of the respiratory quotients after a dextrin feeding 
decrease rapidly to 9.744 at the 16th hour thereafter and slowly with sev- 
eral slight diurnal variations to 0.738 at the 43rd hour. The average re- 
spiratory quotient for the 38th to 44th hour inclusive is 0.733 uncorrected 
or 0.722 if corrected for protein metabolism. 

The conditions under which these gas exchange studies were carried out 
are uniform and reproducible as regards temperature, light, previous en- 
vironment, and reserve of metabolites. 
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Editorial Review 
THE SPECIFIC DYNAMIC ACTION 


T IS nearly thirty years since Rubner (1) published the notable Die 

Gesetze des Energieverbrauchs bei der Erndéhrung work, in which he intro- 
duced the term the specific dynamic action of the foodstuffs. He defined the 
requirement of energy as the amount of energy produced by an animal in 24 
hours when it was fasting and free from the thermal influence of cold. He 
stated that the specific dynamic action was the measure of a specific kind 
of energy which was evolved after the ingestion of food, this extra energy 
being the amount over and above the requirement of energy by the organ- 
ism. He found that the ingestion of meat produced the largest increase of 
heat in the dog and that the ingestion of carbohydrate produced very 
little. On the basis of only one experiment he stated that fat occupied an 
intermediate position which, however, is certainly not the case (2). The 
specific dynamic action of fat is less than that of carbohydrate, although 
standard textbooks continue to quote Rubner’s figures only. 

If what we now call the basal metabolism of a typical animal be 100 cal- 
ories per day and if 100 calories be administered to the animal in each of 
the several foodstuffs on different days, then the heat production of the 
animal after receiving meat protein will rise to about 130 calories, after 
glucose to about 106 calories, and after fat to about 104 calories. These 
are typical average results. 

Rubner’s brilliant interpretation of the cause of the phenomena pre- 
sented by the specific dynamic action of these different foodstuffs deserves 
to be recalled today, for it shows how a great mind, richly informed by per- 
sonal experience, yet held in check by due regard for facts, may have true 
prophetic vision of the truth which those of lesser caliber fail to perceive. 

Rubner concluded that energy was liberated in two forms when protein 
metabolism occurred. One form, which was derived in large measure from 
the oxidation of sugar, produced from protein in metabolism, was avail- 
able for the energy requirement of cell life. The remainder was the free 
heat of thermo-chemical reactions and yielded no power for the mainte- 
nance of cell life. Thus in the process of protein metabolism the formation 
of cleavage products, of acids and of bases, the heat of solution of these, and 
oxidative changes in the cleavage products themselves, might all have to 
do with the production of that portion of extra heat which bore no relation 
to the supply of fuel for the real needs of the cell. The whole matter of the 
specific dynamic action, therefore, had to do with accessory thermo-chem- 
ical reactions of the intermediary metabolism which accompanied the prep- 
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aration of food fuel for the cells. This energy of the specific dynamic ac- 
tion could be used in replacement of the extra heat developed in the fasting 
organism under the influence of cold. Thus, although we have seen that, 
if the metabolism of the living thing be 100 calories at an environmental 
temperature of 33° and that the ingestion of meat containing 100 calories 
will cause the metabolism to rise to 130 calories, yet if, through the influ- 
ence of external cold alone, we increase the metabolism from the basal 
level of 100 to 130 calories, then on administering the same amount of meat 
as before the metabolism remains at 130, because the heat of the interme- 
diary thermal reactions may be used in replacement of the heat induced by 
the influence of cold. The increase in metabolism through the influence of 
cold is called the chemical regulation of temperature. 

Concerning the specific dynamic action of the non-nitrogenous food- 
stuffs, Rubner said that their behavior was analogous to that of protein 
although less in degree. Thus, starch passed into sugar in the intestines 
and underwent some loss of energy by fermentation. Perhaps after absorp- 
tion there was some transformation of carbohydrate into lactic acid which 
might have a lower biological value as a cell fuel than glucose. There was no 
evidence whatever that sugar arose from fat, except as suggested by the fact 
that the reverse process took place, an interpretation which was not per- 
missible in the absence of evidence to establish it. Thus Chauveau (3) 
had calculated that, if fat were transformed into glucose in metabolism, 
there would be an energy loss of 34 per cent. The most recent calculation 
of this sort, made from free energy data by Borsook and Winegarden (4), 
indicates a loss of 21 per cent of the theoretical maximal energy obtainable. 
If fat went into sugar its minimal specific dynamic action ought to be, on 
the basis of considerations developed below, 21 per cent above that of 
glucose, which is, from the experimental standpoint, demonstrably false. 

When one considers the reasoned analysis of Rubner in the light of 
knowledge obtained during the thirty years since it was uttered, one may 
well marvel at its accuracy. One has only to recall the work upon the inter- 
mediary metabolism of glycogen@lactic acid involved in the Hill-Meyer- 
hof theory of muscular contraction to comprehend that in this process the 
thermo-chemical reactions involved in the production, solution, and neu- 
tralization of lactic acid have all been nicely evaluated, and also to recall 
how Hahn (5) has shown that living muscle may dehydrogenize lactic acid 
into pyruvic acid with loss of energy. For it is on such reactions as these, 
in part at least, that we have come to base our interpretations of the spe- 
cific dynamic action of the foodstuffs. 

* . * 














Mar., 1931 GRAHAM LUSK 521 





In modern work upon the subject the basal metabolism sérictu sensu is 
defined as the heat production of a man or animal quietly resting, entirely 
relaxed, in an environment free from thermal stimuli, and last fed about 18 
hours before the metabolism is determined. In some laboratories another 
word has been added and the determination of the basal metabolic rate 
is in vogue. F. G. Benedict’s excellent expression, the post-absorptive me- 
tabolism, has probably had no popularity because it does not lend itself 
to abbreviation, as in the case of “doing a basal” or “‘a rate.” For com- 
parative purposes we may consider the basal metabolism as being pro- 
duced in a test-tube filled with a liquid of definite chemical composition 
and in a steady state. If into this were projected other chemicals which 
undergo chemical reactions with the evolution of heat, they would thereby 
produce specific dynamic action. We may also speak of the basal metabo- 
lism in fasting, in diabetes, in typhoid fever, always modifying the term 
to indicate the variation from the normal, but preserving the requirements 
of complete rest and freedom from the influence of food ingestion or of 
cold upon the body. 

Richardson and Mason (6) have found that if the basal metabolism of 
mild or severe diabetic patients be determined, and if these then receive a 
diet containing the same quantities of protein, fat, and carbohydrate 
which were actually oxidized, and if this replacement diet be subdivided 
into portions and administered every 2 hours, the group of patients so 
treated shows an average increase in metabolism of only 1.7 per cent. In 
one individual the metabolism fell from 830 calories per day without food to 
825 calories when a replacement diet containing 834 calories was admin- 
istered. During the fasting period the respiratory quotient was 0.83; dur- 
ing the period of replacement diet it rose to 0.86 and there were only 5 gm. 
of sugar in the urine. When fat was added to the replacement diet, so that 
its heat value was raised from 834 calories to 1254 calories, the metabolism 
increased slightly to 851 calories, although of 91 gm. of fat ingested only 
37 were oxidized. This individual was 34 per cent under his normal weight 
and his basal metabolism was 39 per cent below the normal for his age and 
weight. In another individual whose basal metabolism was 1160 calories 
per day, a replacement diet induced a metabolism of 1220, an increase of 
5 per cent, whereas the addition of fat to bring the diet up to 1738 calories 
produced a metabolism of 1196 calories and an oxidation of only 53 gm. of 
130 gm. of fat ingested. Here 77 gm. of ingested fat were deposited in the 
hungry tissues of this emaciated diabetic individual without there being 
any concomitant increase in the specific dynamic action. We may conclude 
from this evidence that, if a mixed diet be so constituted as to conform to 
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the exact needs of the tissues and be slowly introduced by absorption from 
the intestines, its specific dynamic action is virtually negligible, and that 
when there is great undernutrition the gradual digestion, absorption, and 
deposition of fat, added in excess of the body’s requirement of energy, may 
be accompanied by little or no manifestation of specific dynamic action. 
This phase of the subject recalls the fact that the digestion, absorption, 
and deposition of protein is without specific dynamic action, as first shown 
by Rubner. 

One may imagine that in normal life the liver regulates the composition 
of the blood so as to provide fuel for the maintenance of a constant basal 
metabolism. If now, the quantity of food which enters the circulation is 
exactly equal to the quantity needed for metabolism in the tissues, one 
may understand that such food merely replaces what the liver would have 
delivered to the blood. 

A very different picture from the one outlined above is presented by 
Mason (7), who determined the effect of a meal of cream and buttered 
toast on the metabolism of a girl fourteen years old who was 30 per cent 
under weight and had a basal metabolism 33 per cent under the normal. 
The meal contained fat, 67 gm.; carbohydrate, 24 gm.; protein, 6 gm.; in 
all 746 calories, of which 83 per cent were in fat. Under these circumstances 
the influence of the large influx of fat into the blood stream increased the 
metabolism from 28.4 calories per square meter body surface per hour to 
37.1 calories, or nearly to the level it would have reached had the child been 
in a normal state of nutrition. The increase in metabolism amounted te 4.9 
per cent of the calories present in the fat of the diet during a period of 4 
hours, but since the high metabolism was well maintained during the 
fifth hour, this figure carries no exact valuation. For it has been shown by 
Murlin and Lusk (2), for the dog at least, that the specific dynamic action 
of ingested fat continues over a period of 10 or 12 hours, a fact which must 
not be forgotten when exact determinations are to be made. The figure 
given, however, has a comparative value, for a few months later, after the 
body weight of this individual had risen from 29.7 kg. to 42.5 kg. and her 
basal metabolism from the level of 28.4 to 35 calories per square meter 
of body surface, then the ingestion of a similar meal containing a slightly 
larger content of fat raised the metabolism during 4 hours by only 1.8 per 
cent of the calories ingested, or to a maximum height of 37.8 calories per 
square meter of surface. Note that after giving fat in quantity to an un- 
dernourished individual with a low basal metabolism the heat production 
per square meter of surface rose to the same level as was found when the 
subject was restored to nearly normal weight. It appears, therefore, in 
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under-nutrition, when ample material in the form of fat is introduced from 
the intestine into the circulation, that the heat production tends to increase 
to the level it would have attained if the basal metabolism had been at the 
normal level. In other words, when one speaks of the increased heat pro- 
duction which follows the influx of fat in the blood one may still speak of 
the metabolism of fat plethora. 

* * * 


Recent work has abundantly indicated that Lusk’s former view that the 
specific dynamic action of carbohydrate is due to carbohydrate plethora 
must be modified. A first indication of this appeared in an experiment 
by Mason (8), who gave 25 gm. of glucose to a man and witnessed a rise in 
his metabolism from 54 calories per hour to 60 calories within 60 minutes 
without any change in the R.Q. and with only an insignificant increase in 
the blood sugar. Deuel (9), working in the Mayo Clinic, gave 75 gm. of 
glucose to a man and followed the metabolism in subsequent hours. He 
found that there was no relation between the extra carbohydrate metab- 
olized in the different hours and the specific dynamic action. This was also 
shown by Schirlitz (9a). Recently Carpenter and Fox (10), with extraor- 
dinary exactitude, have followed the course of metabolism in man after 
giving 5, 10, 15, 20, 52, and 104 gm. of glucose in solution. Five gm. of 
glucose were just sufficient to cover the carbohydrate oxidized during the 
basal metabolism period in 1 hour. The metabolism was increased 0.7 cal- 
orie during this period, or by 4 per cent of the calories ingested. When 26 
gm. of glucose were administered 3.38 gm. were oxidized in the first half 
hour, an increase of only 0.33 gm. over the basal value, and the metabo- 
lism rose from the basal of 30.6 to 32.4 calories per half hour. When in the 
third half hour the total metabolism had fallen to 31.0 calories, the oxida- 
tion of glucose had increased to 4.47 gm. for the period. It is evident from 
this that the specific dynamic action of carbohydrate cannot be related to 
the amount of carbohydrate oxidized. In this instance, after giving 26 gm. 
of glucose the total heat production was increased 3.1 calories, or 3 per cent 
of the calories ingested. The specific dynamic action was restricted to the 
first hour and a half, although the increased oxidation of carbohydrate con- 
tinued for three hours. During the first hour and a half the oxidation of 
carbohydrate reached 12.2 gm., leaving a residuum of 13.8 gm. in the body 
the presence of which no longer exerted any specific dynamic action. One 
may imagine that this carbohydrate was deposited as glycogen in the liver 
and fed out to the tissues for the support of the basal metabolism in iso- 
dynamic replacement of fat. 
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This suggests the conclusion that the specific dynamic action of glucose 
is due to the heat of the intermediary reactions between glucose and glyco- 
gen. 

Increasing the quantities of glucose fed to 52 and 104 gm. increased the 
height and the duration of the specific dynamic action in human beings. In 
the hog, after the administration of starch and glucose, the heat production 
may double, the R.Q. may rise to 1.58, and 56 per cent of the carbohydrate 
metabolized may be converted into fat. (29) This process of conversion per 
se is accomplished with little loss of energy. But the matter of the high spe- 
cific dynamic action may be due to the energy reactions of the interme- 
diary metabolites in the glucose=glycogen reaction. Whether under these 
circumstances a true metabolism of plethora is caused by an abundance of 
metabolites it is impossible to say. 

Baur (11) fasted a man several days. On the fourth day the man climbed 
mountains near the Tegernsee, in the Tyrol. He had no sense of hunger. 
On the fifth day he rode a bicycle in the Munich stadium for 10 kilometers, 
then went to the clinic for a rest of three-quarters of an hour. The blood 
sugar was 58 mg. per 100 cc., but it rose to the high value of 200 mg. after 
he had received 85 gm. of glucose. The oxygen consumption rose in three 
successive hours 21, 12,and 10 percent. Baur wondered at this high metabo- 
lism in thelightof thefact that the personhad been purposely deglycogenated. 

The explanation has been given by Dann and Chambers (12), who have 
fasted dogs for 3 weeks and have then given them 50 gm. of glucose. Ten 
gm. appeared in the urine (Hofmeister’s starvation diabetes), almost none 
was oxidized in spite of a large increase in blood sugar, and a pronounced 
specific dynamic action was apparent. These authors drew the conclusion 
that glucose ingested by fasting animals exerted a specific dynamic action 
which was not dependent on either the quantity of glucose oxidized or on 
the concentration of sugar in the blood but was probably due to heat pro- 
duction in the intermediary metabolism, a conclusion also reached by Baur 
in his series of experiments. 

Without any intention of dogmatic assertion, it may be suggested that 
glucose may not be directly dehydrated and deposited as glycogen, but 
that it may have to undergo synthesis with phosphoric acid, possibly frag- 
mentation into lactic or pyruvic acid. Hahn (5) has shown that in the 
anaerobic disappearance of lactic acid from muscle part of it is dehydro- 
genated and converted into pyruvic acid. Such a reaction involves a con- 
siderable loss of energy. Energy again would be required for the recon- 
version of pyruvic acid into glycogen. 

7 = 2 
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Much speculation has been indulged in regarding the relative energy 
values for the performance of a given amount of work when fat and carbo- 
hydrate are used for food. Anderson and Lusk (13) found that carbohy- 
drate was 5 per cent more economical than fat. Krogh and Lindhard (14) 
noted a discrepancy of 11 per cent. Marsh (15) confirmed Krogh but did 
not find as high a value as his until the eleventh day of the fat diet. The 
factor of acidosis enters here to restrict the efficiency of the human being 
when taking a diet free from carbohydrate. Dann and Chambers have 
found that, if carbohydrate is fed in quantity to a fasting dog, its basal 
metabolism may fall to a lowerlevel than it had beenin fasting. Applying these 
results to the work of Anderson and Lusk, a recalculation indicates that 
in the dog at least the energy required to move 1 kilogram of body sub- 
stance one meter through space demands almost exactly the same isody- 
namic quantity of fat or of carbohydrate for the unit of work. The energy 
of the specific dynamic action does not confuse this issue, probably be- 
cause the metabolites of the incoming glucose may be directly used by the 
active muscles. The isodynamic replacement of carbohydrate for fat in 
the production of muscular power would be impossible if fat first under- 
went conversion into glucose with an energy loss of upward of 20 per cent, 
as is maintained by the proponents of the theory that sugar alone is the 
“fuel of life.” 

It may be added at this point that Murlin and Lusk (2) found that there 
was arithmetical summation of the specific dynamic action as the result of 
the combined ingestion of fat and carbohydrate by a resting dog. The R.Q. 
was of such an order as to indicate that the extra heat production above 
that produced by carbohydrate alone was due to the oxidation of fat it- 
self. The specific dynamic action of fat and of carbohydrate are therefore 


dissimilar processes. 
SivghiD 


As before stated, the specific dynamic action of protein is far more po- 
tent than that of any other foodstuff. A hungry dog, 10 kg. in weight, may 
devour 1200 gm. of chopped meat in less than 1 minute, and within 3 hours 
thereafter its heat production may be nearly double its basal metabolism. 
Chambers and Lusk (16) have shown that when meat is given to the normal 
dog and then to the same dog when diabetic with phlorhizin, the specific 
dynamic action appears to be the same. Therefore, the fact that the 58 
per cent of glucose formed from protein in metabolism is not oxidized but 
is eliminated in the urine does not materially influence the specific dynamic 
action of protein. 
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Since protein is constructed of individual molecules of amino acids, the 
specific dynamic action of these separate fragments has been investigated. 
Glycine and alanine have given potent results; aspartic acid, glutamic acid, 
and asparagine, negative results. Since asparagine contains the same 
amount of nitrogen as glycine, it is evident that the specific dynamic action 
is not proportional to the nitrogen content of the amino acid. Also, since the 
deamination of asparagine must yield ammonia in the organism, then, if 
the theorizing of Knoop (17) be true, that amino acids such as glycine and 
alanine are produced freely in the organism, one would certainly note an 
increase in the heat production through the intermediary synthesis of these 
acids and their subsequent metabolism. It appears probable that the well- 
known synthetic production of glycine after the ingestion of benzoates is 
only an emergency function. 

Chambers and Lusk (16) point out that not only is the specific dynamic 
action of glycine the same in the normal as in the diabetic dog, in the organ- 
ism of which it is completely converted into glucose; not only is it twice as 
great when the dog receives 20 gm. of glycine as when it receives 10 gm., 
but also that the number of extra calories produced above the level of the 
basal metabolism (which by definition is the measure of the specific dynamic 
action) is independent of the size of the dog. Furthermore, whether the 
animal receives glycine per os, subcutaneously, or intravenously, the re- 
sultant action is always the same. The specific dynamic action of the mater- 
ial appears to be a constant, resembling the thermo-chemical reactions 
which might take place when two dissolved substances are brought to- 
gether in a test-tube. 

Rapport and Beard (18) have found that phenyl-alanine has a profound | 
specific dynamic action and that the action of tyrosine is far greater than 
had hitherto been supposed. The authors have taken the analyses which 
show the amino acid content of various proteins and have calculated the 
anticipated increases in heat production which their content of glycine, 
alanine, leucine, phenyl-alanine, and tyrosine would call for. They find 
that, after giving meat, the heat production rises 34 per cent, whereas their 
calculations indicate that the ingestion of the above named amino acids in 
the quantities present in the meat would have raised it 35 per cent. With 
gelatin the theoretical increase is 40 per cent and that actually found is 38 
per cent. The specific dynamic action of gelatin and meat may therefore 
be entirely accounted for by the summated effect of five of their component 
amino acids. Neither casein nor gliadin gave such concordant results. 
Rapport and Beard (19) believe this to be due to an under valuation of the 
specific dynamic action of glutamic acid. 
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The cause of the specific dynamic action of these amino acids has been 
the motive of much investigation. It is known that beef broth alone 
(Liebig’s extract), in which glycine or alanine is dissolved before their 
ingestion, causes no increase in the basal metabolism, nor do solutions of 
urea, of salt, or of materials which would change the acid-base equilibrium, 
nor does urea formation and elimination which follow asparagine ingestion, 
nor does glucose ingestion after prolonged fasting and phlorhizin injections, 
when the sugar is quantitatively eliminated in the urine in this form of ac- 
centuated hunger diabetes. Glycine and alanine, both of which substances 
are completely convertible into glucose in phlorhizin glycosuria, and both 
of which manifest their usual degree of specific dynamic action under these 
circumstances, Probably possess this attribute in virtue of the chemical 
change when the deaminized remainder of the amino acid is converted 
into glucose. 

Unfortunately the pathway of glycine into glucose is unknown, but the 
probable pathway of alanine may thus be written: 


2C;H;NH.O, + Ox. = 2C;H,0:2 a 2NH; 

2X 388 cal. =2X274.5 cal. 291.6 cal. +44 cal. 
Alanine Pyruvic acid Ammonia 

2C;H,02 +2H: = C.H2O, 

2X 274.5 cal. +132 cal. =681 cal. 

Pyruvic acid Glycogen hydrate 


Two gram molecules of alanine deprived of ammonia have a physio- 
logical heat value of (776 cal. — 183 cal.) 593 cal. To convert this into pyru- 
vic acid 44 calories are necessary: to convert two gram molecules of pyruvic 
acid into glycogen requires 132 calories; in all, therefore, 176 calories are 
necessary to convert a substance containing 593 calories of physiologically 
available energy into glucose, or a 30 per cent increase. These calculations 
are based upon ideas which came after reading the papers of Aubel (20) 
and of Meyerhof, Lohmann, and Meier (21). Recently Aubel (22) has 
made other calculations which show that, if alanine passes through pyruvic 
and lactic acids into glucose and urea, an increase of 38 per cent in the 
energy physiologically available is required for the reaction. By actual ex- 
perimentation the specific dynamic action when alanine is given to a dog 
amounts to about 50 per cent. 

Now physical chemists assure us that the calculations given above are 
antiquated. Adams (23) especially has devoted much thought to this sub- 
ject. His calculations, by the laws of thermodynamics, show that 1 gm. of 
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glycine containing 2.10 physiologically available Calories requires a mini- 
mum of 0.871 Calorie to drive 1 gm. of glycine into glucose and urea, or 41 
per cent of the original caloric content of the substance. In the case of 1 gm. 
of alanine, containing 3.55 available Calories, 0.337 Calorie is the minimal 
amount of energy, or 10 per cent of the Calories contained in the original 
substance. However, the specific dynamic action of glycine is 100 per cent 
and of alanine 50 per cent of their caloric content when measured upon ex- 
perimental animals. Adams explains this by stating that his values are 
minima and, just as external muscular work may require a three to four- 
fold energy production for its accomplishment, so here this intermediary 
chemical work may be associated with the production of free heat. Adams 
also reports that the intermediary conversion into glucose of three of the 
five carbon atoms contained in glutamic acid may be accomplished without 
the liberation of free energy, which would account for its lack of specific 
dynamic action. 

Just as the source of muscular energy may be derived from the oxidation 
of fat in a fasting dog, so in a fasting dog diabetic with phlorhizin the 
source of energy for the specific dynamic action of protein is obtained from 
the oxidation of fat. It has been shown in numerous experiments that, after 
such a phlorhizinized dog has received meat, the non-protein R.Q. is 0.70, 
or approximately that of fat. 

The energy necessary to accomplish the chemical work concerned in the 
transformation of such substances as glycine and alanine into glucose can 
not be employed to furnish energy for mechanical work. This principle was 
established for meat by the work of Rubner (24) and for meat and alanine 
by that of Anderson and Lusk (13). 

A complete analysis of all the factors which enter into the specific dy- 
namic action of protein is quite impossible, but the way of discovery ap- 
pears open. Recall, for example, the great increase in respiratory activity 
and heart action after giving meat to a dog. 

It may be added that the glands of internal secretion have no direct 
bearing upon the specific dynamic action. Lusk (25) has shown that, after 
removal of the thyroid, the specific dynamic action of meat remains un- 
changed in the dog. Du Bois (26) found that the specific dynamic action 
of protein and of carbohydrate were within the normal limits in a patient 
with exophthalmic goiter whose basal metabolism was 75 per cent above 
the normal, and in a cretin whose basal metabolism was 20 per cent under 
the normal. 

After extirpation of the adrenal glands in dogs, Nord and Deuel (27) 
found a normal specific dynamic action, and Gaebler (28) has demon- 














Mar., 1931 GRAHAM LUSK 529 





strated that there is a normal reaction to meat in a hypophysectomized 
dog. The literature maintaining the contrary Viewpoint is cited by these 


authors. 
* * * 


When Lusk in 1922 wrote for Medicine an article entitled “The Spe- 
cific Dynamic Action of the Food-Stuffs” he felt that it was his final word 
on the subject, but within a year a short conversation with Rubner at the 
International Physiological Congress at Edinburgh in 1923 gave him good 
reason to doubt the validity of his conclusions. Rubner at that time re- 
affirmed his belief that the specific dynamic action was due to the heat pro- 
duction of the intermediary metabolism. The evidence accumulated 
since has tended to justify Rubner’s general statement. Perhaps in ten 
more years this article will appear as faulty as does that of ten years ago. 
Both Voit and Rubner have recognized a high mortality among theories. 
If the experimental work be correct, Voit insisted, the important part is 
achieved. It is sometimes cheering to remember Marat’s characterization 
of Lavoisier, ‘‘a charlatan ... who changes his theories as he does his 
shoes.” G. L. 
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